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---Upon commencing at 10:00 a.m. 

THE COMMISSIONER: Yes, Mr. Lamek? 

MR. LAMEK: Mr. Commissioner, may I 
call this morning, please, Dr. Stephen Spielberg. 

THE COMMISSIONER: Thank you. 

DR. STEPHEN PAUL SPIELBERG, Sworn 
DIRECT EXAMINATION BY MR. LAMEK: 

Or Dr. Spielberg, you-are a member 
of the staff ofthe Hosiptal for Sick Children in tne 
Division of Clinical Pharmacology, I believe? 

Pe Yes, that is correct. 

OF And you are also a member of 
the Research Institute at the Hospital? 

A. COLECC LE. 

Or And you hold an appointment 
as an associate professor in the Departments of 
Pediatrics and Pharmacology at the University of 
Toronto? 

rs Yes, that is right. 

On Brierly, DOCtOr, with Tespect 
to your background, you hail from New York City? 

A. Yes. 

oe And you did your undergraduate 
work at Princeton, I believe, where you majored in 


biology and from which university you were graduated 
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1 
2 
Magna Cum Laude earning in the process a Phi Beta 
3 
Kappa? 
4 ‘ ; 
Ass That) ish rights 
5 OF And thereafter you attended 
6 the University of Chicago where you earned what in 
Wi military terms would be called a doctorate with bar, 
3 that is to say, a Ph.D. in pharmacology in 1971, 
and ant MeD S1n) 19732 
9 
A. Yess 
10 
Q. Thereafter, you did an intern- 
11 -ship and a junior assistant residency from June of 
12 1973 untiladgune oft 1o7Sua te theschildventeatoesoweal 
13 Medical Centre in Boston where you specialized in 
14 pediatrics, did you not? 
A. Correct. 
15 
Os And you werea clinical fellow 
16 
in pediatrics at the Harvard Medical School? 
of A. Correck: 
18 Dx You then spent two years in 
19 the U.S. Armed Forces, holding a commission and 
20 working, as I understand it, in the U.S. Public 
1 Health Service? 
Aw Yes. 
22 
Q. Andethens fromi4977 mntilabes. 
23 
you were at Johns Hopkins University, School of 
24 
25 
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Medicine initally, I believe, as an instructor, and 
latterly as an assistant professor in the Division 
of Clinical Pharmacology in the Departments of 
Pediatrics, and Pharmacology and Experimental 
Therapeutics? 

A. hast se rehd.. 

@: And you were also a member of 
the active pediatrics staff at the Johns Hopkins 
Hospital, were you not? 

A. Yess 

OQ. And then in July of 193i eu 
came to Canada to take up the appointments which you 
now hold at the Hospital for Sick Children and the 
University of Toronto? 

A. Yess 
Gs Now, Dr. Spielberg, you hold 
memberships in professional societies, including 
the Canadian Society for Clinical Pharmacology, and 
you are a member of the Committee on Drugs of the 
American Academy of Pediatrics, I believe? 

A. Yes, that is correct: 

©. Now, over the course of the 
past seven years you have published many papers, 
presented abstracts of many professional meetings. 


As I read your curriculum vitae, none of your 
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publications has yet been on the subject of digoxin, 
and I take it it is possible that may be remedied 
in the near future? 

As Conceivable, although we 
really do not know at this point. The major emphasis 
has been on drug toxicity. 

Ox Dr... Spiel here yr ios 
embarrass you further with a recital of your achieve- 
ments. You have provided me with a copy of a 
curriculum vitae, and I ask if you recognize it as 
I have described it? 

As Yes; that. tsk commects 

MR. LAMEK: May that be the next 


exhibit, please, Mr. Commissioner? 


THE COMMISSIONER: What number? 
Alias 

MR. LAMEK: We have had 215. 

THE COMMISSIONER: we are having an 


arugment as to whether it is 215 or 216. It is 216, 


you are right, 216. 


---EXHIBIT NO. 216: Curriculum Vitae of Dr. Stephen 
Paul Spielberg. 
MR. LAMEK: Q. Dr. Splelberg, 1 
take it that both in the course of your pharmaco- 


logical and medical training and in your later 
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1 
ys 
activities as a teacher and as a clinical pharmaco- 
: logist, you became familiar with the drug digoxin? 
- A. Yes, sthat is bruex 
s) ON Is it fair, however, to say 
6 that until the past year or so you had not devoted 
7 any particular attention to that drug? 
3 A. With the exception that wedeal 
with it commonly'in terms of consults and problems 
d and such, probably the major emphasis has been over 
_ the last year in terms of more indepth examination 
il of the drug; yess 
12 OF And when you came to Toronto 
13 in July of 1981, the matters with which we are 
14 concerned here were then recent, although no doubt 
A anguished, history of the Hospital, were they not? 
A. Yes, that 26 cogrect. 
Fe Ox The charges were then pending 
ue against Nurse Nelles and the start of the Preliminary 
18 Inquiry was some six months in the future as of 
19 the date of your arrival? 
20 A. Right’. 
mI Q3 Dr. Spielberg, can you tell. 
us when and how you first began to make any 
53 particular investigation of this drug? 
ci eee The major initiating events 
24 
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were the end of the preliminary hearing, and 
subsequently, some concerns brought by members of 
the Research Institute, leading to a meeting of 
various people within the Research Institute, 
Pharmacology, Cardiology and such, to see if there 
was anything that we could contribute on a scientific 
basis to what had already gone on before. In other 
words, was there any contribution that clinical 
pharmacology could make to further understanding 
and further help elucidate what had gone on before. 

This was pretty much -- I do not 
remember the exact timing. It was several weeks 
after the end of the preliminary hearings. 

Oi. So we are talking about the 
spring or early summer of 1982? 

Se Yes), that Ue-cfignr. 

©. And: agwattréesul trofrrhatva~ tad 
you undertake any sort of literature review to 
increase your knowledge about the levels of this 
drug that one might expect to see in blood and 
tissues, representing toxic or perhaps lethal 
effects? 

Ay: Yes, we, aS extensively as 
possible at that point and subsequently since the 


volume of literature has increased a great deal over 
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1 
2 
the last number of years, have tried to review what 
3 
1s known about digoxin, about its pharmacology, 
4 particularly with reference to children, with 
> particular emphasis on issues related to matters of 
6 COXTeLEY?. 
4 ©. Did you also seek to extend 
P your knowledge about the pharmacokinetics of 
digoxin, that is to say, asl whderstands1e, the 
9 
movement and behaviour of the drug in the body? 
10 
A. Yes, exactly. 
11 . Ove And about 2ts action in the 
12 body, its pharmacological activity? 
13 A. Yes. 
14 ©. And about its elimination from 
the body? 
15 
A. Yes. 
16 . 
OF And about the interpretation 
V7 of levels of digoxin found, among other things, 
18 in postmortem blood and tissues? 
19 AY Yes, and certainly, as well, 
20 since we were constantly being asked about issues 
1 related to therapeutic levels of digoxin and how 
to interpret that in living "patients as owell, “this 
22 
is obviously an ongoing process as new information 
23 
accrues. 
24 
25 
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1 
2 

O° In the course of the past 
18 months, Dr. Spielberg, have you engaged in any 
4 research studies or experiments with respect to 
S digoxin? 
6 A. There have been several things 
7 going on within the laboratory group as a whole, 
3 some related to issues in the way in which and the 

manner in which digoxin binds to tissues or in the 

; ways in which that binding to tissues Gait 6s 
» altered. My role has been at best peripheral in 
11 such studies. 
12 Ok But you have, I take it, kept 
123 yourself aware of the work that has been going on 
14 there? | 

a Certainly. 
LS 

OF Now, Dr. Spielberg, I have 
a to tell you that the clinical pharmacologists have 
7 been held out to us here at this Commission as 
18 the experts who hold the key to the puzzles that we 
19 are grappling with. 
20 The clinicians, that is to say, the 
m1 cardiologists, the pathologists, the biochemists 

have all said that you are the chaps who can tell 

e us what these various numbers mean and the numbers 
a and the levels that have been measured in these 
24 
25 
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echiddren’. 

Now, Dr. Spielberg, you are the first 
of the clinical pharmacologists who will address 
the digoxin levels in this Commission, and you are 
going to have to tell us whether our expectations 
have been realistically or unrealistically built up. 
I understand that of the 36 children with whom we 
are concerned, five of them have been reviewed in 
some detail by you? 

A. Yes, that wercorrecty 

0). That as rtonsay," Cookpnrid bem, 
Pacsai, Estrella and Inwood? 

A. Meise 

OR Now, I want to deal with each 
of those children with you, of course, and welcome 
your views on the children generally in the digoxin 
level's: im particular, SWouraremawarey to tkakenat, 
Doctor, that digoxin levels have been measured in 
the blood and/or tissues of those five children and 
others? 

A. Yes. 


Oe And in particular, have been 
measured in some cases antemortem blood, in other 


cases postmortem blood? 


At Yes. 
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OF In some cases fresh, that is 
to say, not fixed tissue taken at autopsy; in other 
cases, fixed tissues taken from autopsy, and also 
in tissues taken after exhumation of bodies. You 
are aware of the range of samples in which digoxin 
has been measured? 

A. Yes, 2 am. 

. And it has become clear to us, 
Dr. Spielberg, that the variety of samples presents 
many and varying problems of interpretation of the 

' digoxin levels that have been measured in them, and 
I take it that you would agree with that as an 
observation? 

A. Yes. 

Q. Now, Dr. Spielberg, you have 
suggested to me that before you addressed particular 
levels in particular tissues of individual children, 
it might be helpful to all of us ii you cuciine some 
of the basic pharmacological concepts that are 
involved and explain the nature of some of the 
problems and the difficulties as you see them in 
the interpretation of those levels and the considera- 
tion of the deaths of the children froma 
pharmacological point of view. I am going to sit 


down so that Iv am out of the way, and I would ask you 
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1 
2 
to do that, please. 
: I may, if something is unclear to me,as 
4 you to explain it as you go along, but otherwise 
5 I am going’ to give you the floor for a little while. 
6 I gather you would like to uae the 
7 blackboard? 
P A. Yes, I think we --- 
OQ. Might it be more convenient 
: if i1t faced out a little more. 
10 A. Maybe we can <== 
11 Oe Just angle it a little? 
12 ae Yes, so obviously the 
13 Commissioner and the rest of the group can see it. 
14 MR. LAMEK: Laurel and Hardy made 
a fortune doing this. 
ie: 
16 
17 
18 
i ee we 
20 
pa 
22 
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MR. SCOTT: If you can get Mr. Lamek 
to sit down it is more than any of Us Can co. 

THE COMMISSIONER: The only thing ,I 
would like to say something about it, I don't know 
how important it is going to be, but you realize of 
course this will not be part of the record. 

MR. LAMEK: Well, we do have copies 
of things that I gather Dr. Spielberg is going to 
put on the board, yes. 

MR. SCOTT: I thank we have, but 
didn't you want sheets of paper, Dr. Spielberg? 

THE WITNESS: Yes, there are some 
graphs and a number of figures which we have Xeroxed. 
I am going to put those on the board as well so that 
we will be able to refer to hard copy as well as 
things on the board. At least part of the problem 
that we will have to deal with is, I hope, that in 
the preliminaries to all this wevcameats least be 
working with the same terminology and the same ideas, 
so that when we refer to them later on it will be a 
little bit easier to go back to. 

MR. LAMEK: Mr. Commissioner, Dr. 
Spielberg has been good enough to provide me with 
copies for counsel of each of these documents, and 
I propose that we mark them at the end of whatever 


Dr. Spielberg has to say in this portion of his 
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evidence, all at one time, if we may. 

THE COMMISSIONER: All right. I think 
everybody knows what the problem is. Yes, you go 
ahead, Doctor, please. 

THE WITNESS: Okay. I think at the 
outset it is worth spending two or three moments 
just to try to put the entire problem that we are 
dealing with into context before going directly into 
the issues of digoxin pharmacokinetics and what 
digoxin as a°druG is* dail anpour. 

In the first place we are dealing with 
a reasonably old drug here. It has obviously been 
used in literally millions of patients with a great 
deal of efficacy, tnis includes children in cardiac 
failure. We know a great deal about it, but on the 
other hand like most drugs there is a tremendous 
amount we don't know about the compound. 

To give you an example, aspirin was 
available in its current form for more than half 
a century before we had any idea how it worked and 
now that knowledge of mechanism of its action has 
totally changed our approach to this drug and how we 
use it. 

Similarly with digoxin in the very 


recent past there has been a tremendous amount of new 
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information available on its kinetics; on its 
toxicity, and such new data sometimes forces us to 
re-examine old data and to re-examine some of our own 
old concepts about the drug and this is not bad, this 
is basically the basis of scientific progress. We 
have to accept that sce old concepts will be 
changed with time and will have to be modified based 
on new data. 

The second thing thatewe are facing 
is that unfortunately practically all the drugs that 
we commonly use in paediatrics, the kinetics of 
digoxin are probably the most complicated. 

Now, for many compounds there is a 
reasonably simple relationship between the level of 
a drug found in blood; the, level, found,in) an,active 
site in the body, perhaps a receptor we will call it, 
I will draw some pictures of what receptors might be, 
and that there is a reasonably straightforward 
relationship between the blood level of a drug and 
either the way the drug acts; the reason that we 
are using the drug; or its toxicity. 

Well for digoxin sadly this is not 
as simple a,cases, itais tremendously complex. I 
hope in the next little while not to confuse the 


proceedings with the complexity,but the reality of 
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1 

2 it is that we must deal with some of the complexities 
3 because to either trivialize or ignore it can lead 

Fi to tremendous risk of misinterpreting numbers as we 

; arrive at those numbers. 

So our task then initially, as Mr. 

: Lamek suggested, will be to review some general 

7 aspects of the pharmacokinetics of the drug; how 

8 it's handled in the body; emphasizing really the key 

9 areas that we are going to need to look at the 

10 specific patients. I don't want to review everything 
rT that Dr. Mirkin has already told you, but we are going 

to have to review some basic pharmacokinetic issues 

i so we are at least all speaking the same language. 

st There are several points I think we 

14 are going to have to recognize as we go through the 

15 general exercise. 

16 The first is that we are dealing with 
17 available data in only a few of the patients that we 
18 are involved in and the events that occurred on the 

cardiology wards. Many of these samples were obtained 

‘, under less than optimal scientific circumstances. 

This is through no one's fault; obtaining clinical 

21 levels on patients and applying assays. that are standardly 
22 used for clinical therapeutic drug monitoring, 

23 when we are asking more complex 

24 | 
23 
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questions than that is tremenously difficure. tie 
reality of it is that many of the samples that we 
are going to have to deal with and try to arrive at 
answers were obtained under less than optimal 
circumstances. 

The second point 18 that ween dae, 
as with most drugs, there is tremendous inter- 
individual variability, vast differences. For example, 
in living patients and levels both in blood and in 
tissues, and we cannot ignore that variability because 
that variability is tremendously important in 
interpreting the levels of the results that we see 
in one specifie chiid. 

Probably the hardest thing we are 
going to have to deal with and it is as hard for 
us as pharmacologists who wish answers as it is for 
the Commission, is that there may be multiple differen 
ways to arrive at the same blood levee be that a 
high or a low blood level. What we are going to 
have to do is examine each individual patient 
considering them initially as unique patients which 
indeed they may well be, explore a series of hypothese 
as to how a blood level can be achieved; present to 
you the data for and against each hypothesis; 


initially assuming that the levels are correct and 
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valid, and then consider whether or not there are 
artefacts which we also have to take into consideratio 
in interpreting the level. Because it may well be 
that we are dealing with uniformity here. In other 
words, a group of childrén”who all”arrivea ae their 
blood level in the same manner, but scientifically 
we have to at least explore the possibility that there 
is not a homogeneous group. We have to look at 
various different alternate hypothesis and try as 
best as possible to ascertain how confident we are 
of data and how confident we are of the interpretation 
.of the data. 

Our goal then is basically the goal 
of the Commission, which is to understand what 
happened to the infants on the cardiology service, 
and what relationship that has to digoxin levels. 
From my point of view that goal has to be viewed in 
the context of trying to gain the information for 
the parents of the children, who not only had to 
cope with the loss of a child but also with the 
anguish of all the subsequent events; as well as 
the anguish which is at least in part shared by all 
of us, the nurses, the doctors at the Hospital, every- 
body who has tried so hard for so long to investigate 
these proceedings and the community at large. 


Our real dilemma is that not knowing 
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is a horrible burden for all of us. It is 
Lrustrating fat ae angering, and I hope that what 
we can do in the next little while is to at least 
define for the Commission what is known, what is 
unknown, the assumption and caveats we are putting 
behind all our data, because everything that I say 
and everything that other witnesses say about the 
data are going to be dependent on our scientific 
assumptions and our explicit statements of the caveats 
and problems associated with this data. I hope in the 
end that the information we provide will be useful 
to the Commission in arriving at some sort of 
conclusion as to what occurred. 

Well having said that as an 
ion weakes Gen hela ly Digoxin: what can we say about its 
pharmacology, what can we say about what we know 
and what we don't know. 

Is this: going to wor 124 setand over 
here with the microphone? 

MR. LAMEK: Why don't you take mine. 

THE WITNESS: Now again I don't 
propose to go over everything that Dr. Mirkin has 
already gone through with you. Let us say for the 
moment that digoxin is one of the group of drugs 


loosely called digitalis, and we will ignore for the 
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moment the other digitalis preparations because 
3 clinically digoxin is the drug that we are going 
4 to be using and that is used in the patients of 


concern. 


The two major indications for the 


use of the drug, because we have to say why we use 
it,are congestive heart failure, we will just abbreviate 
it and call it CHF, and that is the major reason that 


we are going to be using the drug in children. 
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It is going to be to increase the 
ability of a failing heart to effectively pump blood 
to the rest of the body. This is its major indication. 

There is another indication though 
that we will have to talk about which also applies to 
at least one of the children that we will be discussing 
and, that ispetomtreat! abnormalities ‘not nowsin tne 
way in which the heart pumps but the electrical 
activity of the heart, disturbances of cardiac rhythm. 

So that these are the two major 
indications that we have to deal with in the broadest 
sense. I am not going to go through the rest of what 
was already presented to the hearing by other witnesses 
with respect to that. 

We do have to deal however with a few 
bits of basicpharmacology! Inverders+for digoxin to 
work, it has to bind to things that we will call 
receptors. Now, what does that mean? Basically now 
if we look at a cell, the cell has a nucleus, be this 
a cardiac cell or a cell in the liver or wherever, 

This is its membrane, On the presence of this 
outer coating of the cell there are various different 
proteins which will interact with drugs. We will 
call these interacting proteins or binding protein 


receptors. There is a specific receptor by which 
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digoxin effects are mediated and we are going to have 
to at least have the term present because we will 
refer back to it. It is called a sodium potassium ATP 
ase. It is a very fancy term. Basically, digoxin 
will have to bind or stick in a specific way to this 
sodium potassium ATP ase in order for the effects of 
the drug to become manifest. 

What does this long word mean? 
Basically the ATP ase is an enzyme that regulates the 
amount of sodium and potassium inside and outside of 
cells. What digoxin does is to inhibit this enzyme. 
This can change the relative balances of sodium and 
potassium across a cell and by mechanisms that are 
not completely defined lead to the entry of something 
else, calcium into the cell, and it is believed that 
a coupling mechanism between digoxin inhibiting this 
enzyme, altering sodium and potassium across the 
membrane and thereby causing calcium entry into 
cardiac cells, and there is a lot of black box in 
here that we don't understand fully, but the entry 
of calcium into the cells leads to the ability of the 
cell to act better, to pump harder, to be more 
efficient. That's the basic way in which digoxin 
works to improve contraction of the heart. 
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TORONTO, ONTARIO (Lamek ) 
1 
2 Several effects though that we have to deal with. And 
3 some of those deal with effects on rhythm. 
4 Now, you will excuse me, I draw rather 
: badly, so, this is not going to look like a heart but 
we will do the best we can. It looks not at all like 
S a heart. In any case, the points I think can be made. 
: The rhythm of the heart is complex 
8 and we are only going to focus on a few things. One 
9 is that there is some control of heart rate by some- 
10 thing called the vagus nerve. This is a nerve that 
1 originates ultimately in the brain and increased 
i firing of the vagus nerve tends to slow the rate of 
the heart, bradycardia, something that has been 
13 
repeated. 
| ; 
MR. SCOTT: Doctor, is there any 
15 chance that you could straighten out the board just 
16 a little bit so that the Judge can see it. We must 
17 pay him some slight attention, even on Mondays. 
18 THE WITNESS<« lLOkay@e@tihinisedirticnit 
talking to an audience that is sort of in an L-shape. 
i MR. SCOTT: Don't bother talking to us, 
20 
talkhtoshimt 
= THE WITNESS: Okay, fine. All righty. 
22 THE COMMISSIONER: Don't pay too much 
23 attention to what Mr. Scott says. I can follow it. 
24 
25 
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THE WITNESS: I have a dilemma, who do 
Lelisten ito? 

THE COMMISSIONER: So ’far I have been 
able-to follow ih. 

THE WITNESS: OKay. 

THE COMMISSIONER: I don't promise that 
I will give you 

THE WITNESS: Well, we are going to try 
to go reasonably slowly because the concepts are 
important and we will have to repeat them with each 
individual ehiid: 

THE COMMISSIONER: The audience are 
noturéeally *siraxrt+ 

THE WITNESS: Okay. 

THE COMMISSIONER: Yes, all right. 

THE WITNESS: Back to our heart. The 
vegus nerve is one way in which heart rate is controlle 
An increased firing of the vegus nerve will tend to 
slow the heart. Now, there is something called the 
sinoatrial node, which we will call the SA node, and 
something else called the atrial ventricular node, 


which is between the small chambers of the heart, the 


atrium, and the ventricle, which we will call the A-v 


node. 


Now, when you give somebody digoxin in 
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reasonably therapeutic concentrations, okay, several 
things happen. If you look at an electrocardiogram, 
and again, I am not an electrophysiologist and I don't 
want to put up the cardiogram, we will just talk 
about what happens, the rate of conduction from the 
atrium to the ventricle is slowed. This is mediated 
in part by increased discharge of the vegus nerve 
which digoxin can produce by central mechanisms 
acting in the brain, but it also Ys a direct vertect 
of digoxin on the conducting system of the heart. If 
you completely block the vagus nerve digoxin will 
still cause a lengthening of the time that it takes 
from electrical impulse to get from here to here. 

Now, we use that therapeutically 
under certain circumstances and one of the babies that 
we will be talking about had a rhythm disturbance 
originating up here. ~Yhe rate was" toc fast up Here 
and what happens is if the rate in the atrium becomes 
extremely rapid and the ventricle fouls that rate, the 
ventricle is beating so fast that it can't work 
efficiently and under those circumstances it is 
working at a rate that does not allow it to adequately 
pump blood. If we give digoxin it can slow the rate 
of conduction from the atrium to the ventricle, the 


parts of the heart that deliver the blood to the 
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rest of the body and we can take advantage of that 
to slow the response rate of the ventricle to the 
rapid rate up here, and this happened in one of the 
babies. 

What that does then is allow the 
ventricle to work more efficiently and again pump 
blood better. 

Now, as one keeps going up in oe 
with digoxin, and we will talk about toxicity ina 
moment, but as the dose keeps going up eventually 
you get overt slowing of the heart or, again, 
bradycardia, and you can ultimately end up with 
complete atrial ventricular dissociation, or what we 
call A-V block is the easiest way to call it. 

So that now the ventricle has lost 
the regulatory pattern from up here altogether and is 
beating at itsvown, rates! Thatycansoceur frompatwide 
variety of pathophysiologic conditions as well as 
from dig., as we will see in a moment, but that is 
what ultimately will happen. We will talk about the 
other rate disturbances with digoxin in a moment. 

I think that gives you an idea of 
the therapeutic use; No. 1, specifically acting on 
receptors in the heart to increase the force of 


contraction in heart failure and, two, the second 
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(Lamek) 
1 
2 therapeutic reason to act as blocking conduction in 
3 Situations where there is too rapid a rate up here 
4 . and what we want to do is slow the ventricular rate 
5 to increase the performance of the heart. 
P Now,we have to turn from that very 
brief introduction then to how digoxin works and why 
: we use digoxin to its kinetics. One'of the figures 
8 which I will provide you I will reproduce up here, 
“) there is already hard copy of this. 
10 Now, what we are going to do is look 
1 at an intravenous situation, and we are going to 
stick to intravenous administration of digoxin for 
the rest of this discussion of Kkinerice, 
ef What we have plotted on this axis is 
ie the concentration of digoxin. Now, this is plotted in 
15 a logarithmic plot. What do I mean by chat; | oimply, 
16 that the intervals, equal intervals, are going to be 
17 tenfold instead of one; for example, @eeenie 4 1, 20; 
18 100, okay, so that equal intervals are actually going 
19 up very, very rapidly, okay. 
Now, I'm going to leave the axes off 
- because I don't want to misinterpret from the graph 
= what the actual levels will be, we will calculate 
22 those in a moment. 
23 What happens when digoxin is injected 
24 
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intravenously is that it initially enters serum, okay, 
or blood plasma. At that time there is an extremely 
high concentration of digoxin in serum. So that if 
one, for example, measured serum at the time of 


injection, you get very, very high numbers. 
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Within a matter of minutes, and we do 
not really know how many minutes because the experimen 
cannot be done, although accidentally we often end up 
with numbers like this, but within a matter of several 
minutes, the level rapidly decreases and enters what 
we will have to call and is labelled on here as a 
central compartment or a central volume of 
distribution and we are going to have to define 
all these things and we will go back to it.. From 


this central compartment, it then distributes 


extremely widely to the rest®%er thetbody ween a 


dramatic drop in blood levels still from here to 
here. This process I have labelled on here the 

alpha phase. What alpha phase means is that the 
drug is not leaving the body, but it is distributing 
within the body presumably, at least in part, by 
binding* to all-“the various different @ertes, in heart, 
in skeletal muscle, in liver, in kidney, really 
throughout the body. Any place there is an ATP 

ase, digoxin theoretically can bind. 

This phase from here to here we are 
talking about now half hour to hour intervals. Most 
of the literature suggests that the time it takes © 
for digoxin to distribute from here, from its cental 


volume after it leaves serum initially, down to its 
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final concentration or what we will call a steady 
state concentration, that this declines with a half 
life of about 30 minutes. The range lin the Leterature 
is 20 to 60 minutes. That means in each half life, 
half the drug which is in tne central compartment will 
disappear from that compartment and enter tissue. 

In a practical sense, we usually talk 
about five half lives for the drug to be reasonably 
fully distributed. So to assure ourselves that we 
are beyond this alpha phase Of distribution, if we ar 
obtaining a blood level, we have to talk about five 
half lives or at least two and a half hours after 
the drug is administered. 

Now, in a practical sense when we are 
on the wards and advising the staff and physicians 
how to use blood levels in monitoringtheir patients, 
we generally recommend that they do not obtain a 
blood level anywhere within the first, say, four to 
six hours after a dose to assure that with the 
variability that exists from patient to patient, 
that in fact the distribution is completes» Once 
then, is distributed through the body, it 


the drug, 


is then very slowly excreted from the body, and that 


ig what this laine represents: 


Here we are now talking hours to days 
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for the body to eliminate a dose of digoxin.» +The 
figures I have here give half lives anywhere from 
20 to 80 hours’ It is highly Wariablieli ere @seace 
dependent. There may be genetic differences, both 
in renalelimination or kidney elimination of the 
drug as well as the rate at which the liver can 
metabolize the drug. There is probably a good deal 
of variation in metabolic changes of the drug from 
the drug into metabolites which’ occur. +) inieets 
very slow. We call this the beta phase, and this 
represents elimination from the body. 

Well, what kinds of numbers are we 
talking about? This is what we have to deal with 
initially. Can we put some sort of numbers on these 
kinds of phenomena? What I would like to suggest 
initially is a theoretical child given a therapeutic 
dose of digoxin. We will say that the amount of 
digoxin is 20 micrograms per kilogram of body weight 
intravenously. This would be a fraction of an 
initial loading dose, assuming that the child were no 
taking digoxin and we wished reasonably rapidly to 
achieve a therapeutic concentration. So that this 
is a dose that one would reasonably commonly see being 
used on the wards as an intravenous dose. 


How high a level can one achieve from 
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1 
2 20 micrograms per kilogram. Well, when the drug 
3 enters the serum--again this is the very rapid second 
4 to minutes issue here. When the drug first enters 
: serum so that if you, for instance, had an IV in one 
vein and drew blood either as the IV was running 
e or immediately thereafter, it sounds like it never 
7 happens in clinical practice, unfortunately, sometimes 
8 it does, particularly with drugs that take a while to 
9 run in the IV line, a house officer will draw a blood 
10 sample while the drug is still running into the other 
i arm, we can get extremely high concentrations. 
How high? Well, the amount of serum 
" in the body is about 0.04 litres per ei theneans ily Ts A Ge 
My 40 millilitreof serum per kilogram of body weight, 
14 which means now that the 20 micrograms is going to 
15 have to dissolve in 40 millilitres. 
16 This gives us a concentration of 
17 approximately 500 -- well, let us do it this way -- 
18 micrograms per litre, or the usual way we express 
it is 500 nanograms per ml. That is the maximum 
4 achievable concentration, assuming a quick bolus and 
28 an immediate blood level being taken. 
21 Again, the exact time course of this 
22 decrease we really do not know. It has not been 
23 scientifically ascertained. 
24 
25 


Saw ms Vi. tte) Bert ae 


gonttonoa .vlod onuaixe itn, Fecy. 


aitl, .sMBSpOL EA poco aoe PE AO i. eh Nas 


od pHtgp 2k amnaporsit Os ot tadd waco 


“= VSWWids 44 5b ay get ,tlek = 008 4 


bars sutow: #+9p. £. Bit eay ee MARRS 


aida 20 @BINOD sab tose apt Aen 


' ‘out |2 bie 
Rt 
Bi Srtt! ori", 


krsdne Haga) Bit 


Sis rac: ewe ort. ohn 


y 
TSven, th oALT, sb hat ae 


Dn > PY mM 2 
: Pal pedis re nae i a Oe rt 
sltdw. sooAe4 Sait stsb® ase nts Z i | ay | 


Bbold so with Litw ante aeue di A sly * 


Joryvo HS gat Pat apte: ages ek ‘a 


"i rag 


- . Sores: thiteaneo mip ia Sie: 9 


mon Lo Jhon oid) vP1aw soit 


° 


Woe ; ma. re 
viipitow YRoOd To: HS TROLLS eg ming! see | >: a iw 
- i) mi 
, as - 2 


: fae 6 nal ‘ 
-eoyd ll OLY aS OR ote ov tosalh’ 6 


Yo. nosdnrwasHies ss Ay agvie abel ‘ha 


bata ew Vow leven sft Yo .e isd, oe Fe 


oe 


~ ume ‘ert: vet Sea? «i seq Am en 0 


-aarnd pitted” fevet boos 


fieod Jon wae 97 swans es, Ob i 


ANGUS, STONEHOUSE & CO. LTD. 
TORONTO, ONTARIO Spielberg dr.ex 
’ : : 
(Lamek ) 


1999 


Now we get down to the central volume 
of distribution. It is a hard concept, volume of 
distribution. Do not think of it as an anatomical 
Space. It is not, you know, blood plus a little bit 
of body water or something like that. It is an 
artificial construct. 

The way we arrive at it is simply by 
giving a dose and then measuring the level and asking 
at time X when we measure the level, how much water 


would the drug have to be dissolved in to get the 


‘serum concentration which we have. The central volume 


of distribution of digoxin varies Tromwo to 718.2 re 
per kilogram. “So that as the drug enters its ceucras 
volume of distribution, the 20 micrograms per 
kilogram administered then would come up somewhere 
between dividing one into 20, 20 nanograms per ml or 
a maximum, if it only ends up dissolved in a half of 
a litre in a specific child, 40 nanograms per ml. 

Now, it is not at all infrequent in 
clinical practice. .-— 

THE COMMISSIONER: Before you go any 
farther, Doctor, at what point is that on the graph? 

THE WITNESS: Now, this would be here. 
After the drug now has left serum and entered the 


central volume of distribution, and from here, now, 
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ANGUS, STONEHOUSE & Co. LTD. . 
TORONTO, ONTARIO Spielberg, dr.ex. 


(Lamek) 


2000 


to the final, we are talking about a timeframe of 

at least two and a half hours gradually, slowly coming 
down from this maximum to the minimum, which we will 
list in a moment. 

So,seconds to minutes after injection, 
this has now gone down to this. This is a very rapid 
fall, obviously, from 500 down to 20 on 40. 

THE COMMISSIONER: And that is in what 
period? 


THE WITNESS: And it is happening now 


‘in a matter of seconds to minutes. How many minutes, 


we really just do not know. We really just do not 
know. Presumably it is a reasonably rapid phenomena. 

So we are going 500, 20 to 460. This 
is seconds to minutes. It is probably several minutes 
anyway, but we do not know exactly, ccmfounded by 
the fact that if the drug is still being administered, 
if it is still present sn 7anem line, rt can still 
be that high. 

Now we are decreasing with a half life 
of 30 minutes. So 20 is going to 10 in 30 minutes, 
then the next 30 minutes it is going to 5, and the 
next 30 minutes on down to its final volume of 


aqrstriLoucrvon. 


Now, when the drug now begins binding 


ve : i v a | | ’ ; 
ry ¥ m7 y ¥ , ai ° | amt ¢ . 
+ - 96 seisrismis a soll) Mist 3 
ie 


Peakmes yiwole \ylisobasp anwont-’ oe. ah 9. rl £3 ows a8 aves: i 


iit ‘OW cobiw .mominin ate os) “ine mox? awob b 
. 


piace per re Ani 4c! Ly 
is, if ¥ . 


VIOLIDOCNE THI Letuitte OF BBROBBe. OF 


3 Nibpaest mis _ ' — vil Ae * 
Diges Viev « 22 eka -2ind of AWols Sidp woh eed mits 
fy} ’ ad - : 
Ob vs @ Wor ne mow Vilevolvds qe 


tate oi 2k Sed bea SAHOTSeIMMOS Shy 


Sholiveq 


we : Pn I mé) au oe | be at Pit \ ‘are cP Thy THT ; : 


£2 § ? sie is auiTt rey] » i * * a r 
t ,enu7 We . Yitta Worl . é os €@bhbnabsés 20 *tougent Bo. fot wT 
. 7On 2D tJaur veins: | rst OR tang 
| C.¥4 + oY Word Jon Ob tant Gilss1 ow ; 


wemmamencstG Bigar Vidsnomour 6 at +2 ybdagéesya WOosta 
Op eta? 06 oF OF O08 pPuolop sxe aw 68 
‘ waiherrthin dBi ovEe Yidedoyvg afr st 29300 tn oF #bnoses 2: 


uy Ai 
his 
ie 


. i 


a Ea  ahet, a A nr Didi! | : pin YES ¢| 
omar Ye “Hoty thon oe ow wou 


xe bseiue MSD yY¥LI9b%X95.woadt Jon oh ow aod vu VBWYiS 


eis al, PAsea iiss at bua oy 24 Sedo wont ays - 


tg ea (Omet Vi 16 wo sdaaxg bicda |b pb 4, ik 


i) t 


: a, 
A ie . \aeusinn Ee mt veer) nis pee 


t 


‘of bin e “3 prkop et hh 
te av kos 
at w,‘, 


ANGUS, STONEHOUSE & CO, LTD. a 


TPR Re ONS Spielberg, dr.ex. 2001 
(Lamek ) 
1 
2 throughout the body, we are talking about a 
2 concept that does not make any sense: 15 litres per 
4 kilogram. Well, a kilogram of water only weighs a 
p litre. So how can you have 15 litres per kilogram? 
What it means is that the drug is binding extensively 
: in tissues throughout the body so that the amount 
i we are sampling in ' serum is tiny compared to the 
8 amount that is bound and distributed throughout the 
9 body, and we will get back to that concept. 
10 At .that .poink,.vatenul duster peeton 
11 and we go from volumes of anywhere from 5 to 20, it 
5 is highly variable, it is age dependent, it is 
dependent on the clinical status of the patient, we 
a are now down to levels of 1 to 4 nanograms per ml, 
if much closer to the therapeutic level that one wishes 
15 to.achieve. 
16 THE COMMISSIONER: Where is that now? 
17 THE WITNESS: That would be here. 
18 Then at that point, the drug is going to be -- assumin 
the child gets no further digoxin, of course, the 
- drug will then be slowly excreted over time with a 
= half life of about 40 hours, shall we say, as an 
“4 average, or maybe a little bit less. It is again ™ 
2s age dependent. 
2a THE COMMISSIONER: That point that you 
24 
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ANGUS. STONEHOUSE & Go.tTo; Spielberg, dr.ex. 


TORONTO, ONTARIO (Lame) 2002 
1 
Z have just used is roughly how many hours after the 
s injection? 
4 THE WITNESS: This would be roughly 
5 two and a half to four hours after an injection. 
F So to summarize, immediately 500 
nanograms per ml, very rapidly @distribucing Lo 4 
‘ central volume of 20 to 40 nanograms per ml, then 
8 Slowly declining from 20 to 40 down to 1 to 4 over a 
9 period of two and a half to’ four hours is probably 
10 a fair estimate, and then declining down to zero 
1 eventually with a “half °ltte in ther rangeroe 2 como0 
12 hours, a very broad, very variable range. 
THE COMMISSIONER: You have been using 
s this half life. We have had this half life before, 
ic but you use it in quite a different way than I had under- 
15 stood it. You are talking about half lives all the 
16 way down the --- 
1B) THE WITNESS: They are different half 
18 jives, 
1 THE COMMISSIONER: We have heard of 
a half life of drugs generally, and a half life of 
“ digoxin, but when you use a half life you use a 
a half life for a particular period. 
oe THE WITNESS: One has to with digoxin. 
23 What we are really looking at is how long it takes for 
24 
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ANGUS, STONEHOUSE & Co. LTD. 


TORONTO, ONTARIO Spielberg, dr.ex. 2003 
(Lamek ) 
1 
2 different processes to occur. See. for most drugs 
3 we do not have to worry about this alpha phase and 
‘ beta phase and everything, and then we are simply 
talking about excretion half lives. When most people 
; talk about half life in a general sense, they are 
6 _ : 
talking about this elimination phase from the body, 
7 how long it takes a drug, once in the body, to leave 
8 the body. 
9 With digoxin, because it has this 
10 strange behaviour of starting out at one concentration 
i and then declining to another, we talk about half 
Life of going from here to here, and then another 
half life of going from here to here. This is its 
|) alpha half life or distribution half life; this is 
14 its beta half life or elimination half life. 
15 Basically, the concept is being applied 
16 in order to try and understand how the drug actually 
17 ends up being handled in the body. Unfortunately, 
for digoxin we have this confusing pattern. 
THE COMMISSIONER: Just so I will have 
sd it straight, what you are talking about in -arstribucie 
si is the half life from the very beginning, from the 
21 hancet ioe 
22 THE WITNESS: The distribution half 
23 life probably includes this because this is very 
24 


25 


‘te Bperh doom. acl: OSes 
: L208 ‘hy 2» if 
. 7? ne ee i 
Qiag» ox». ov ros. tot RN Nm 


. i 
brs sand: ndole Bleae Fae 
acie LE rt deta 


ad 


Sigety Jeon aad. sa@ovil Piad ap twigs jwods priaios 
ote ¥ ; .nened i& rt Sti [ iled thode Hiss 


\Nbod oSrid nier2 s#eeta poigeniietio Side? o0Gee paraAtlas 
j 


ee ’ 
ee 


7 ausol OF ,yhod silt al gon0 youth) 6 @edee SE piel wail ' 


* 


| wwbgd ety 
: 7 ‘ 
; 


EA Me a 9 oe Ej 64 ‘ (yoo. ty isi j ‘© 
: ie 
} 
nate sgs sano 1o,0 miceye 26 Moivered Spapade - 
San Au fod . 1, oF prtinitvoeb dan) .boe : 
| tad? tt . wig més poiee Ta wil 
} 
} ‘ , ~— . 
; ‘WrG2e sR  24nT Son oO Lori mot? Banton Jo etel Dileel 
ai @zria 3% } a4 “ esi ; Do : a , 1 20 sii. bl ee tdcy Te 
; a 
H 
e0 ed . Lhe iit L& ro, Sid pe Ae 290 J 


BOkigge oulad, a4 Syeqnoy ads. ,yiteoternd 

Vis ev70e gush ote won. tnatewion bos-wxd- Og s4bs0 wl , 
i dining’ Yoo odd 6 bel®asi pnied qu ubne 
Cold 


> 2 = Hdeaaieg. ale foo city oyved ow akpemsh 402 


by alee | 
oaved niet © a tnir iaeHO Lao ws? ad mar 
oe 


el 


po. reer eis ee us hig patties one ay, asow seb 


» Hal 


rist quan’ (er Ligiipped Cray ots ek 


as oe 


a 
ae 


es tiga roaszos wt Siig 


> , 
Lb aad é ‘ 4 i’ 


10 


24 


25 


ANGUS, STONEHOUSE & co.Lto. Gplelberg, dr.ex. 
TORONTO, ONTARIO (Lamek ) 2004 


shot, butalt ais typically the half life from the 
central volume down to here. But you know, two and 
a half hours is much, much greater than seconds to 
minutes, so that this is usually missed in calculation 
THE COMMISSIONER: And you say it is 
20 to 80 hours in excretion? 
THE | WLINESSs.. 20.toee80 Nourse gee 
excretion, half life, this is the beta phase, and 
about 30 minutes, 20 to 60 minutes for this phase to 


occur, the half life. Again, for it to be complete 


iSe il Vemelalsis lel viessr 


MR. SCOTT: Mrs Commissioner, 2 am 
not understanding. I wonder 1f DT cout@ just ask ——-— 

THE COMMISSIONER: Yes, certainly. 

MR. SCOTT: -- because I am getting 
the impression from what the Doctor is saying that 
on his example it would be excreted completely within 
20 to 80 hours: am I right abouretie 7 

THE WITNESS: That would be the half 
life, so you would have to wait five half lives for 
it to be completely gone. 

MR. SCOTT: Which is 20 to 80 times 5? 

THE WITNESS: Times 5, right. So five 
days to perhaps 20 days, if the half life is very long 


THE COMMISSIONER: Why do they call it 


Sey 
‘Pa: 


ae imith maak 


G2) EbaGnee wan! *% 92D levine Moin Fae ano0% etna 
MHOLIA LW has wi Loew ds VOChmely He eEete read on eS wet 
ei Ph Yow voy Gad, -NeMOT ASM ae hi 
ri ee : 
(holdgmORe ht espod OB) ot, ah 
Re A ie S617) ie oY g ve Ta Bay’ ' 
7 
Diis voerig hired wa 4 Ae eve iJ tied Mo tptonsKny 


Of easigq #@lis 19 gag 4 of OL -aeteaba OE Auots 


ix hymen Sf oF Is, YOU , ih .OnhT dba ede <4ittrese 


Bowel hit @avit 6. 
5 Bd qQ On rt i 
ee AES Set fis) \ i PUOASaszeonu Jon 
ia sf rhs : 
Swt196 Gp I akvened ~- <TPOOR .AM 
' 50) PRivee et TaIPet ft Jody ied werlensiami ori¥ 


‘Siainiide W VistolGnon Poiexsrs a6 bhoow 3h slaeexe 21h Ho 
ie ee ay on fdas duods silpl> . We ¢euved 08 of OF 

op oat of aa smite :aanwr tw ste 

ie 1c ‘Weiylihe yi aj ‘08 adem og gene Siow voy oa hie had. 


etn ye oe Ke ‘ele cpaeaete wd i ai 
i Oe watt) OP “a ‘Of as ‘tetra envio a 
| sre co vaiteis 42 ami Y naw tee | 


} | ean Re sis 
DAB OWS \wou cig Ime seiha per wma 


t! 


ANGUS, STONEHOUSE & CO. LTO. 
TORONTO, ONTARIO 


Spielberg, dr.ex. 2005 
(Lamek ) 


a half life if it takes five of them to make a whole? 
THE WITNESS: ‘Okay, 20 1s Hastcaim y 

based on a logarithmic concept. In general sense, 

the body for drugs like digoxin, anyway, we will 

leave it like that, these are dependent 

not on total fixed amount per unit time but on 

per cent per unit time. For example, in one half 

life we go from 20 to 10. In the second half life 

we do not excrete 10, we go from 10 to 5, and in 


the’ third we go from’ 5. to 7°25, and in thesioured 


we go from 2.5 to I.25> In one Nalf tute cura 
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ANGUS, STONEHOUSE & CO, LTD. Spielberg, gr.ex. 2006 
TORONTO, ONTARIO (Lamek) 


THE COMMISSIONER: Assuming that you 
had a concentration of 4 at that time it would be 
down to 2? 

THE WLTNESS : weRaghtjecxace! yes actily. 
So that wherever you are at is dependent not on the 
level but on the percentage decrease, how long it 
takes to get half of whatever process you are talking 
about accomplished, ~goings frome tnt =: devas tontia oma. 
this is one half life; going from) here down to one 
half-of this. is one halfeligfes 

MR. SCOTT: eProfessonm Spielberg, you 
have to remember for me that I am typical of your 
audience here, the Commissioner is different, but we 
took literature and history in school, and if we had 
to take science we took botany. 

THE WITNESS: Well, this applies to 
plant life: too, the doublangytimesoticeliseasrthe same 
thane 

MR: SCOTT s |} NOMs havewttoebesnstraight- 
forward and simple about it because I don't understand 
Ghiniss 

THE WITNESS: Maybe we can use botany 
for an example. 

THE COMMISSIONER: No, that's fine. 


THE WITNESS: No, no, in a serious 
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ANGUS, STONEHOUSE & CO. LTD. i 
TORONTO, ONTARIO ‘Gane ios Bs a 


sense just to give you an example. 

MR. OLAH: Mr. Commissioner, I have 
One question. 

THE COMMISSIONER: Yes, Mr. Olah? 

MR. OLAH: “The doctor did not sidicate 
what the point between the alpha and the beta base is, 
is that steady state, Doctor? 

THE WITNESS: We will have.to define 
it more carefully, okay, and we will in a moment. The 
concentrations that we achieve after the alpha phase 
of distribution has occurred are going to be defined 
as more or less steady state, recognizing that the 
level of change during this period of time is so slow 
that if one measures a blood level at 10 hours, or at 
5 hours it is not going to be very much different. 
The steady state is a relative term because this is 
declining but it is declining at such a slow rate 
that for practical purposes we are not into the 
problems we are dealing with here, where minute to 
minute the level is dramatically changing. 

Let me just try half life in the 
opposite direction, it might help. 

THE COMMISSIONER: I wonder if I could 
help you a little bit, Doctor. I don't intend to go 


into competition with you at any time. All I really 
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want to know is what your final answer is on these 
CSN GS 

THE WITNESS: Right. 

THE COMMISSIONER: I think I now have 
what you have told us that it is going to take so 
many hours to get to one point and so many hours to 
get to another point, and I am quite happy to leave it 
at that, now some other counsel may not, they may be 
smarter than I am and prepared to prove you are wrong, 
but I am not. 

MR. TOBIAS: Mr. Commissioner? 

THE COMMISSIONER: Yes, Mr. Tobias. 

MR. TOBIAS: OsEf.I could siusteask tone 
question on that very point. Did I understand your 
evidence to be, Doctor, that to get to the point 
where the drug starts to be eliminated it is about 


two and a half to four hours from the time of the 
injection? 

THE WITNESS: In a general sense that 
is probably an acceptable way of looking at it, but 
there is some elimination going on even during the 


distributive phase, but it is very small compared 


to the distribution. 


MR. TOBIAS: To get to the beta phase 


you say it is about two and a half to four hours? 
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THE WITNESS: It would be two and a 
half to four hours, exactly. Okay, we will come back 
to it obviously and maybe when we are looking at 
specific examples it will indeed be of help. 

THE COMMISSIONER: Ian sonny. Lwas 
saying I am now a little confused... Two, and. ayhalfé 
heurs, asethatethe half laree 

THE WITNESS: That is the alpha half 
life. 

THE COMMISSIONER: The alpha half life, 
so really it,is --- 

THE WITNESS: The distribution half life 

THE COMMISSIONER: To make. Sure it is 
all distributed it would take five times that? 

THE WITNESS: Yes. 

THE COMMISSIONER: So in the same way 
the 20 to 80 hours to make sure it is all distributed? 

THE WITNESS: Right. 

THE COMMISSIONER: But one half 
distributed at the end of the two and a half hours? 

THE WITNESS: No, no, 30 minutes, the 
alpha half life is about 30 minutes. 

THE COMMISSIONER: Oh, I see, I beg 

your pardon. 


THE WITNESS: The alpha half life is 
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about 30 minutes, so this process of distribution is 
over in about two and a half to four hours. 

THE COMMISSIONER? * Yes7s quice Tights 
The half life on the excretion is 20 to 80 and you 
have ‘to multiply that’ by 5 to qe ae cameo 

THE WITNESS: By 5 to get it all out 
of the body, -rigime. 

Now I realize we are going to have 
to struggle with this in a couple of different contexts 
and two to four come up again,so hopefully as we go 
along we will be able to make it more apparent and 
more clear, and if necessary we will use the botantical 
examples because they are simple in a sense. 

Let me just make the points that we 
need to make from this graph and from the kinetics. 

In clinical practice when one is using 
blood levels to determine where the patient is at with 
respect to digoxin, we have to be tremendously cautious 
not to draw blood levels during this period of time 
because they can be very, very misleading. Because 
the first point to be made is that although for a 
matter of a very brief period of time you achieve 
levels even this high, and for a reasonably long 
period of time you achieve levels this high, there is 


no toxicity associated with that. During this 
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1 

2 distribution despite the fact you have extremely high 

3 levels, the babies don't exhibit toxicity, and adults 

4 don't either. In a moment we will get into why that 

5 may be the case. | But im any Gase)an orderito anterpret 

4 the blood levels we need to know two different 
variables; the amount of drug that was given and the 

/ time from the injection to the time at which the 

8 sample was taken, and that obviously puts a major 

9 quandary on a lot of things that we have fe deal with 

10 later. Because under many circumstances we have 

11 neither the time nor the amount, all we have is the 

12 level, and then we are going to have to struggle with 
where we are at in this kind of complex situation and 

ie indeed. it, isigoing -to, be a, bit) Ofvaeseurugdie,aae Ls 

y going to be a bait. of, a» struggle: 

15 Now to give you an idea there is a 

16 second figure here. Mr. Lamek, the Figure 2 that we 

17 talked about, do you want to distribute that because 

18 it.may again, be helpfulato peoples "Phis 1s just fo 

19 give you an idea, this is in one particular study in 
premature infants and it applies to somewhat older 

oe infants as well, but just to give you an idea. You 

% also have copies of the original manuscripts so rey 

22 The point to be made here again is 

23 some of the time dependents. Now in this particular 
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Study they didn't look very, very early. The first 
blood sample obtained was an hour after the dose had 
been administered intravenously, so we are probably 
somewhere out in here, okay, in this portion of the 
curve, we have already begun declining from here. As 
you can see the mean blood level in those babies was 
about 10 an hour after the injection, but with a lot 
of variabibity, it ranged fron ’6 Eoels*and taterwas 
only in a very few numbers of babies in fact. You can 
see that it took a very, very long period of time 
in these babies for it to come down to a reasonably 
constant level, even at 3 hours the mean was 5 and 
one of the babies had a level of 9. So the point again 
being that the process we are looking at is very 
strongly time dependent and that there is a significant 
amount of variability from one infant to another 
infant. 

THE COMMISSIONER: Doctor, are these 
nanograms per millilitre? 

THE WITNESS: Theyare in nanograms per 
Millilitre, thaeasrworrecc. 

Now, Figure 3 tries to address the 
question of back extrapolating. What we have done 


here is to ask really the opposite question to what we 
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have looked at now. That is, if we have a specific 
blood level how much drug would have had to have been 
given to achieve that blood levelwusing) ttiese isonts 
of time-dependent phenomena. 

THE COMMISSIONER: You have to know 
of course, you have to know the time. 

THE WITNESS: Right. What I have done, 
this assumes a 4-kilogram child, that is important in 
the calculations, which is not a bad estimate of many 
of the children that we were dealing with, many of 
them were in that general weight category. What I 
am doing here is looking at acute, central and steady 
state. If we look at the graph the acute would be 
the-seconds to minutes phenomena,or if circulation 
stopped at the time the drug was given; the central 
volume of distribution down here; and a steady state 
concentration which would be somewhere out in this 
range, and ask then how much drug would have to be 
given at each of these time intervals to produce a 


level, o£. 100? 
Well, if the drug was given at the 


time circulation stopped, or were being run’in intravenously 


at the time someone drew a blood sample, again very, 
very short time interval, seconds to minutes, the 


amount required to produce a level of 100 would be 
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1 

2 about 0.016 milligrams, this is calculating based on 

3 the volumes of distribution and a 4 kilogram child; 

4 that is 16 micrograms, which if you want to translate 

5 it “into vials of digoxin Ys a fraction of | paediatric 

é vial, it is a very, very small amount of digoxin, it 
is about one-third of one paediatric vial. 

: Now, let's say that you obtained a 

° level that high and we are really over here now at the 

9 central volume of distribution. The drug now has 

10 left serum and is distributed in the central compartment, 

11 say 30 minutes after a dose or less, and with 

12 variability, then how much digoxin would have to be 

13 given to achieve 100 nanograms per ml. For a 4 kilo- 
gram child it comes out’'0.4 mifiYgrams;, or 400 micro- 

- grams, this is less than ene@adube vial of digoxin 

: which contains 0.5 milligrams, so it is about three- 

16 quarters or four-fifths ratherywshall wersay, of an 

17 adult vial or eight paediatric vials. 

18 If we get down now to the steady 

19 state and we assume a steady state volume of 
distribution, which means that all this distribution 

: has occurred now and we are way out here, how much 

- digoxin would have to be given to achieve a level ae 

22 100 at the steady state which comes out about 6 

23 milligrams, which is 12 adult vials and 120 paediatric 

24 vials. 
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Now, the point to be made is that 
because of the dramatic time dependency that we are 
dealing with here you can get drastically different 
levels of digoxin that would have to be administered 
to produce a specific blood level, and this is one of 
the major scientific quandaries that we have to 
struggle with as we work through each of the cases in 
a moment; is there any other way that we can provide 
corroboration of estimates of how much would have had 
to be given; when it would have had to be given; given 
that we are dealing with the situation that is 
tremendously time dependent, and also tremendously 
variable from one patient to the next patient. Okay. 
I don't have any figures to write for the moment, 
perhaps I will sit down for a moment. 

THE COMMISSIONER: Yes, by all means. 

THE WITNESS: Now, where does the 
digoxin go during this alpha phase? Well it goes into 
tissue and it goes into a variety of different tissues. 
It depends who you read in the literature in terms of 
the concentrations achieved in different organs, and 
this varies depending on autopsy techniques; it varies 
depending on whether it is a group of little children, 
old adults on digoxin, or middle aged adults, there 


are a lot of differences. In a general sense among 


“O68 ow 2 eit yout ‘ at 29a ome a 1 has aia poner 7 
prs pitib xis baeetS +9 p coy 1 i ty uilsob 


a. can: . nee | 
ia  (Sayotatnumbs 2acvos- ovee’ Bioaw rene fii “anh, te aliev and, 
: r 


. 20). BNO, Ptdared . hag \ teva dl hooked we 7 ale 8. 22upory a 
a > ish) ow eee 4% rio! BH, SERA to tga bem, ci 
ni eaeco sitio. dass dpugads Z tow me 26 ifiiw! sponte 
af Ond O69 ow tots yaw tose. vos ax ae af datum ® 


| Gel overt biluowiustaiwuil 36 2z54e%r425. tor noOimtedodat ten 
: | | 
| (sy2p gisvic of of ben oval Bidow st dativ..< dewig ad a 


BUON oft fh pobre tmid y 2uemnonten j 
. Neao $8 isgog Bon, ols oF that Ihe sae mor? ake [7By 
. \WASHOM Sa7 t03 4 hos, Boavol? Nie SV Hn Sb" wi. C 
,tredem © *61 AWOB aie Dd tw I agave 
2araom £f6 yd .2Zay >MAVIOT Cte iiie SET) 

ani) eeth oretw’ .wow LeaeantTiw OAT 


p 


ocitieeon, at ife iW. Steasrigq ecole. a bd. pin ap mi neplh 
‘era. i i : 


‘[oeouee t+ Ans wot Ey 2 vgebisv 5 odnk | are ae Bees overt) 


bas VAMERRO goat EG ati. Seveliton gootsmadnain 


. sh) ©, 


eebiey ai peeyniadoss xe oan to Pribavaeb, 


_:ndeaBihi to ety¢ br. to. quae, = ah oak ee 


» papi gett, fags eben 39) 


= 
= DROME. oi a iG ee ats) ry. 


y) 2Oneniesa> cli, site ite seo ents prt paot uO oy abe ah sib ee 


teed 
{i 

| ? 

| ‘ 


24 


25 


ANGUS, STONEHOUSE & CO. LTD Spielber ~-eX. 
TORONTO. ONTARIO ame] Sy dr e 2016 


the highest concentrations one sees in the body after 
the drug now has distributed into tissues is in the 
heart. Even within the heart there are differences 
in different places in the heart. In a general sense 
there is more in ventricular muscle, the large pumping 
chambers on the bottom of the heart than there is in 
the atrium, the upper chambers of the heart. There 
are suggestions in the literature that there even may 
be differences in distribution within those chambers, 
for example, in papillary muscle, the little muscles 
that regulate the way the valve leaflets open and 
close, there may be very, very high concentrations. 

Other organs also have a lot of digoxin 
in them. Kidney has a great deal, generally said to 
be somewhat more than liver, somewhat more than 
skeletal muscle; and brain also has some digoxin in 
it. Probably most organs really do have some. In fact 
even skin can have significant concentrations of 
digoxin. 

Now with respect to the amount, or the 
percentage of digoxin in the body in different tissues, 
it is dependent not only on the concentration but on 
the weight of the organ. For instance, you could have 
a little tiny organ with a tremendous concentration of 


digoxin, but compared to the rest of the body it would 
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be a reasonably small amount and that has to be taken 
into consideration. That is going to vary with age 
because organ sizes vary dramatically with age. 

Liver is a different proportion of body weight in an 
infant than it is in an adult; brain is; heart is a 


different proportion. 
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So, one has to be a little cautious 
in extrapolating data, particularly from adult 
autopsy information to the pediatric age group. 
Organ sizes can have a significant influence and 
furthermore nutritional status may as well. For 
example, if a baby is particularly malnourished as 
a result of disease state, he has been chronically 
ill and wasted, he may have much less subcutaneous 
fat, and there is “some “digowrn 1 fat anu, ernie, 
if his protein intake has been bad during time, his 
muscle mass may be decreased so that the digoxin 
may have to, if you will, use the expression seek 
other places to go because there isn't as much 
muscle mass available for binding. And that can 
in fact influence kinetics somewhat. 

Similarly, an infant with congestive 
heart disease, his heart is bigger. So ‘that “the 
total amount of digoxin might be influenced not only 
by the binding of the digoxin to his heart but also 
by the very fact that the infant has congestive 
heart failure. 

Now, a major issue that we are going. 
to have to deal with is variability. In the next 
figure, which is the fourth one, the relationship 


between serum and tissue concentrations, because this 
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is the next thing we have to get into, can we predict 
from serum concentrations what's going on in tissue 
Or vice versa. 

The first point tto bejmadegissthacethe 
relationship between serum concentrations and tissue 
concentrations is age dependent. There are data, 
for example, suggesting that in small children there 
is relatively more digoxin bound to, for example, 
red blood cells or more important in the situation 
heart muscle, than there is in the situation of older 
patients. Why this is isn't entirely clear. The 
suggestion is that per unit of weight of organ there 
may actually be more receptors for digoxin in 
children than in adults. What this means toxico- 
logically in terms of adverse reactions isn't so clear 
we will talk about that in a moment. 

The second point is that the receptors 
conceivably could be saturated. We don't know if 
that is the case, but it occurs with most drugs and 
it is scientifically reasonable that saturation may 
occur in some patients; in other words, if you looked 
at the binding sites as a sponge and surrounded by. 
some water, which would be the serum, at some point 
that sponge just can't take up any more digoxin. 


Now, that has major consequences because if that 
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happens the addition of a tiny amount of addition of 
digoxin to the water surrounding the sponge will cause 
a big increase in the concentration in the water but 
no change in the sponge itself. This happens for 
most of the drugs which we use therapeutically at 
some concentrations. We don't say that we have good 
data on this in terms of digoxin per se but it is 
something we have to keep in the back of our minds 
because some patients may saturate at a low level 

so that their tissue levels may actually be very low 
and their serum levels very high and other patients 
may have much more capacity to bind, in which case 
their tissue levels would be proportionately higher 
compared to a specific blood level. 

Well, do we have evidence for variabilit 
in tissue to blood levles? Yes, we do. I presented 
here some numbers. This is in micrograms per gram 
of tissue weight. You can seé that it is quite 
variable. I chose three studies; one an older one 
and two new studies. The major reason being that 
there is reasonable concordance between the studies 
despite the fact that they were done by very different 
techniques and very different circumstances is 


reasonable concordance here. 
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the figure that I think most of us would quote is 
that there can be easily tenfold differences in 
the ratio of heart muscle to serum concentrations 
among different patients. It is particularly 
important that in the second study American Journal 
of Diseases of Childhood, and the subsequent study 
as well in Clinical Pharmacology in Therapeutics 
were done in living patients. What was done is 
that these children were on digoxin chronically, 
and they were going for cardiac surgery. The digoxin 
was held 24 hours prior to surgery, which means we 
are not dealing with alpha phase distribution, this 
is an optimal scientific type of study where we can't 
be dealing with alpha phase, we are pretty much at 
a steady states 

As the surgeon entered the right atriun, 
which is the surgical approach used for the procedures 
a tiny piece of tissue was taken from the incision 
and a simultaneous blood sample obtained and even 
under these optimal circumstances where we don't have 
to worry about alpha phase and we don't have to 
worry about continued administration, there was still 
tenfold variability in children chronically 
digitalized with no evidence of toxicity, entirely 


stable children going to operation from one patient 
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to another. 

Now, that may sound very dramatic and 
outlandish, to a pharmacologist it is entirely 
expected. 

Particularly in children almost every 
drug that we use exhibits tremendous inter-individual 
variation. We are not in the least surprised, say, 
using a drug like theophylline in asthma that we 
can have six or eight or ninefold differences in the 
doses required to produce a blood level ina specific 
child and the kinetics of theophylline are much 
Simpler than the kinetics of digoxin. 

THE COMMISSIONER: Will you tell us 
what these cimaceed what they represent? 

THE WITNESS: Yes, that is micrograms 
of digoxin, I'm sorry © didn: 2netude ena 

THE COMMISSIONER: Which is which? 

THE WITNESS: The 84 to 325 is 
micrograms of digoxin per gram of tissue -- no, I'm 
sorry, I'm sorry, forgive me, I'm sorry. 

What the numbers are is the ratio of 
myocardial concentration divided by serum concentra- 
tion. So, for example, 84 means that there is 84 
times as much in heart as there is in serum, 325 


means that there is 325 times as much in myocardium 
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or heart muscle as. there /iseintserumeeel eeisee raclo-. 
THE COMMISSIONER: I'm sorry. 
THE WITNESS: And it is the ratio 
that exhibits the variability. 
THE COMMISSIONER: I don't understand. 


I'm not even close to understanding it. 


THE WITNESS: I'm sorry. 

THE COMMISSIONER: So, you will have 
toatryuagain. 

THE WITNESS: Okay, let me try again. 


I am sorry for the confusion, that is entirely my 
Faukt: 

THE COMMISSIONER: Nonibt tsnbt, but 
the fact of the eer is that I don't understand. 

THE WITNESS: Okay. 

All right. Now, I have explained the 
experiment to you, basically, in terms of how it is 
done: 

THE COMMISSIONER: MeS7 Yess 

THE WITNESS: And what is done in the 
laboratory then is, you measure the amount of digoxin 
inathe seca Let's say you get X micrograms per 
gram of tissue. You then measure the amount in serum 
simultaneously and assuming that blood is reasonably 


the density of water, which it is very close to, you 
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can estimate from microlitres back into grams, that 
is the advantage of the metric system is that liquids 
are convertible to weights directly, you get a value 
in the serum. 

The number 84, for example, would 
mean that the amount in tissue, which is X, the 
amount in serum would be X divided by 84. It will 
be 184th as much or, if-youw want sto Jooksat a 
the opposite direction, there would be 84 times as 
much digoxin per unit weight in tissue as there was 
in serum. What we are trying to get at is, can we 
pick out a relationship, looking at a blood level, 
can we guestimate what the serum is going to be 
versus the myocardial level. 

What this tells us is that 84 to 325 
means that in that situation you could have, some 
hearts had 84 times as much as in serum, other 
hearts had’ 325 as much. 

Now, in the other studies we are dealing 
with numbers that range from 34 times to 363 times 
or 2.4 times to 340 times. ~The point being’ that 
the ratio of tissue to serum is highly variable. 
There is always more in tissue than there is in serum. 
In fact, there may be 300 some odd times as much in 


tissue as in serum but that the ratio is so variable, 
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ten times, that it becomes extremely difficult in an 
isolated serum concentration to know what the concen- 
tration would be in the heart or, if you were given 
a number in the heart to estimate what the serum 
concentration would be, you can make a guess, but it 
is going to be an average guess with tenfold error 
and that's the issue that one has to be concerned 
with. 

THE COMMISSIONER: What are these 


RAA, what does that stand for? 


THE WITNESS: Okay,» BLoOnE atrial 
appendage. 

THE COMMISSIONER: Oh, I see. 

THE WETNESS: I'm: sorry Ghat 1) didn?t 


define this, they were made up very quickly. So, 
that is living right atrial appendage compared to 
blood. I hope that is clear because it is a terribly 
important point and it is something that we are 
going to have to deal with again when we get back to 
the issues of how we can look at either a tissue 
level or a serum level and from either in isolation 
try to estimate what the other would be. 

THE COMMISSIONER: These experiments 
took place where and when? 


THE WITNESS: A variety of different 


places. 
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TORONTO, ONTARIO (Liamek) 
1 
2 
THE COMMISSIONER: And how many are 
2 involved, do you know? 
a THE WITNESS: Reasonably larye numbers 
5 I would honestly have to go back to the original 
6 papers. These are not my data, these are the 
Wi references, and Mr. Lamek has the original reprints. 
P MR. OS COTE: We have provided the 
papers to Mr. Lamek and I think he is duplicating 
‘ them, if he hasn't done so already. 
10 THE COMMISSIONER: Well, no, I just 
11 wanted to have some sort of general idea. Post 
12 mortem I take it means... 
13 THE WITNESS: That study was done 
14 post; mortem. 
ii THE COMMISSIONER: Andtwas cthat J, 2 
or 207 
16 
THE WITNESS: I honestly don't 
7 remember. I would rather have the paner so we can 
18 tell you accurately. 
19 THE COMMISSIONER: Then, the living? 
20 THE WITNESS: The living patients, 
a1 | two different studies. 
THE COMMISSIONER: Well, one of the 
« studies has 2.4ton340" hich is ‘asgqreat deat .more --—— 
8 THE WITNESS: Even more of a range. 
24 
25 
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ANGUS, STONEHOUSE & Co. LTS Spielberg, dr.ex. ed 
TORONTO, ONTARIO (Lamek ) 


THE COMMISSIONER: More than - well, 
it is more like /P500;tisntene? 

THE WITNESS: Well, what that says 
is that - sure, there may have been an error in that 
particular patient. What it says to me is that there 
probably are indeed outlyers in the population 
who have even more of a range of variability. Again, 
this isn't surprising. AS yoUsbeqinistoscoulecr 
more and ‘more patients your range, generally 
speaking, gets broader and broader and broader 
because you are going to see all of the manifest 
different variables interplaying on level in tissue 
versus level in serum that can cause big spreads in 
the population. 

THE COMMISSIONER: Allexights 

THE WITNESS: To be conservative 
we will say tenfold in general, but there are 
patients in fact who will be even, greater than ten- 
folds 

THE COMMISSIONER: What concerns me 
is that it's not even 100-fold. 

THE WITNESS: it 'savast< 

THE COMMISSIONER: It is 150-fold. 

THE WITNESS: It's vast, yes. 


THE COMMISSIONER: YS 
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ANGUS, STONEHOUSE & CO. LTD Spielberg, dr.ex. 2028 


TORONTO, ONTARIO (Lamek) 
it 
Z 
eg THE WITNESS: It's vast, yes. 

: THE COMMISSIONER: What's this last 

4 One then S/NS? 

Bs) THE WITNESS: Okay.” Well, 1 didn*t 

6 really want to get into that at the moment. 

7 THE COMMISSIONER: OM, i ir sorry. 

3 THE WITNESS: What that is is more 
of an analytical issue, it is specific versus non- 

‘ specific digoxin. In other words, HPC creaneda up 

10 samples versus crude samples examined by immunoassay. 

11 THE COMMISSIONER: Yes; “all right. 

12 THE WITNESS: Again to point out 

13 that there is a’lot of varlabirlity, puc that is not 

14 something I think we need to get into and I think 
you have already heard a great deal about analytical 

:: kinds of problems with specific and non-specific 

16 ; 
digoxin. . 

17 MR. LAMEK: Dr. Spielberg, may 

18 I interrupt you just for a moment. 

19 THE WITNESS: Sure’. 

20 MR. LAMEK: Mr. Scott is quite (right, 

i Mr. Commissioner. Dr. Spielberg has provided me 

; via his counsel with copies of a paper which I think 

f contains the study which gave rise to the postmortem 

% numbers on this document. There is also a paper which 
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ANGUS, STONEHOUSE & CO. LTD Spielberg, dr.ex. sii 
TORONTO, ONTARIO (Lamek ) 


has already been marked as Exhibit 19, Mr. Commissioner, 
on myocardial as opposed to serum digoxin concentra- 
tions in infants and adults. Perhaps I can distribute 
the other paper now. 

THE COMMISSIONER: Yes; all) 220nt. 
Well, we are getting into trouble with these. I 
think we had better give them exhibit numbers. What 
is the next exhibit number, 217, and we will call them 
217-1, 217-2, @iJa37and.2 ae 

THE WITNESS: Mr. Lamek, you have 
both those studies, correct, the American Journal 
of Diseases of Childhood and the Clinical Pharmacology 
in Therapeutics, the old one and the new one, 1975. 

THE COMMISSIONER: So, this will be 
218 then. 

MR. LAMEK: 218 then, the article 
from Clinical Pharmacology in Therapeutics. 

THE WITNESS: Yes, there are two of 
them. There is one 1975 and one 1980, yes. 

MR SLOT: Mr. Commissioner, have 
you marked the graphs? 

THE COMMISSIONER: Yes, that will 
be 217-1, -2, -3 and -4. 

MR. SCOTT: All right. And I take it 


in the order in which they were presented? 


er i Lam) . a yt a 


i 
. 
lad 
-~ 
zi 
= 
bat 
s 
14 


| i : 
mona \ iw st : 
} 
7 J 
\ ‘web ' , 
f i } i } 
ove { 
: | ,i ft » 5 
| 
| SLO LIA & vans 
4 sRolwtuieadetan’ is 
\ Por ova Gue-coumitt .mo¥ 
is 3 
) Poy Ae, eito 
wn 2k Poa 
avel «yahoseetwian> oo 
| 
Pitw pected. , bey 


q ‘ 


> palad A sc) ai ta i 


ct hit of eh or oe, “hae 
v3 sauce ae. 


tL 


sna’ L2eImt 09" . 


2 
ane gh 


7 
ae 
ik hate eseine ly 


HOE 2eTag smi90 —— 


mre - pu 


rt air itty ae ow wltow y 
fel Poe ow Fakes 


iney: orto a 


rr hs j 
be 
ec - CK, Cee Lares } 
ey 
| | 7 
t od he ons diod 7 
j 
- 
bfy in oelg 6 ost 
i 
= { waanh al bts 
q 
' 
ca este rf 
roadg «Bl . 
pel 
A - | 7 A 
7 ol 
spo loomeiat® Ixolernl> moot 
Ti 


‘ReaWTEW WAT 


eres «ter? Wi 
sine Pty ge 


a 
Atay st, bes tt 4X 
_—~ 


aiG mat. wad)! 


eX ui 


ANGUS, STONEHOUSE & CO. LTD. Spielberg, driex. 2030 


TORONTO. ONTARIO 


(Lamek ) 

1 

2 
F13 THE WITNESS: Well, mine all had 

: numbers on them. Did yours not? 

4 Mies COmite NO enon 

5 MR. LAMEK: All right, in the order 

6 in which they were presented. 

7 MR. SCOTT: So, 217-lL is, thesioce: 

8 ari chide - DeSerzpLiona 

THE COMMISSIONER: That" s=righe. 

: MRSSCOTT: 217-2 is Levels in 

m Premies. 

11 . THE COMMISSIONER: Yes, that's right. 

12 M(IRES  {SHCLOMME And 217-3 is the 

13 Calculated Dose to Produce 100 Nanograms. 

14 THE COMMISSIONER: Tatas Ligue. 

MR. SCOTT: And 217-4 is the 

= Relationship Between Serum and Tissue, is that right? 

te THE COMMISSIONER: That e. right. 

17 MR. SCOTT: And 218 is the article. 

18 

---EXHIBIT NO. 217-1: Logarithmic Graph. 
19 
20 ---EXHIBIT NO. 217-2: Document entitled "Levels in 
Premies". 
21 
a==<BXHIBIT NOwecs fe Document entitled "Calculated 

22 a Dose to Produce 100 Nanograms" 

a -=-EHIBIT NO. 2i7—23 Document entitled "Reflationshi 

a = "5 1 a. ee between Serum and Tissue. 
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ANGUS, STONEHOUSE & CO. LTD. Spielberg, aie hs ce 
TORONTO, ONTARIO (Lamek) 


THE COMMISSIONER: Yes, and that leaves 


us, you see, with the opportunity, if we have any more 
diagrams, we can just go back to 217. 

MR. LAMEK: Mr. Commissioner, there is 
one other paper of which Dr. Spielberg has given me 
a copy. This also is fromyCigmices Pharmacology and 
Therapeutics, May 1983. I do not believe pee: is 
already marked as an exhibit and I do not have copies 
of that for other counsel at the moment, but I can 
get them made. May that be 219? 


THE COMMISSIONER: 213.5 


--- EXHIBIT NO. 219: Article {trom Clinicat 
Pharmacology and Therapeutics: 
entitled “Determination of & 
Myocardial and Serum Digoxin 


Concentrations in Children by 
Specific and Nonspecific Assay 
Methods." 


THE COMMISSIONER: We have to somehow 
or other distinguish them. Now, the first one is 
Tissue and, =74 


THE WITNESS: One of them is 1975, one 


Lo3 3. 


MR. LAMEK: Exhibit 218, I believe, is 


Nee RS, 
THE COMMISSIONER: 1975, it may well 


be but there is no identification on aes 
MS. CRONK: The bottom left-hand side 


of the page, sir. 


- ——_ raf 1 a? 
my ; romtege. act “an . é ; 
S2evp5i-dcsiis bus .eeY 42naMo tae , att iy f 2, at 
¥ - ” | ‘ et “ pon iy _ ab a _ 9 "a 
7 ria? Or bs ; : : 
7 oe oA } Vrs VBi hed a « Shp | RIP IOG YG ane stl 


Jai 
; : : Tes a 

Tig of dos Gp Seer eaeo ee eee 

ot Mea 7 

Ps} ai , ‘ } ‘ a ee Cie rit - ey: \ ova T™ my AM : ‘ : , ns 

mj 2% : I ch 7 i tv" 19 w a ths | rol to eno al 

a Le ' 

abd 4 i i 

by . " wth ae iy Ye: oafe Bit. Gijoo es. ho 
; 7 

: W O68 Ol Yen , a> Lt ancnepiies gt i 

a riven 

, if | 7 i eT 7 ( ia ae tf ym roi vino i" 
a) ad 4 Oi. ie ; in “adto 960 Sade Oe 


t 
4 ‘nid aM oben fied fee . 


} 
| 
| - Fi } 
of 
a ig ; 
i 
q & ) bilAgd - — d& til 
; ahi 
' ' 
‘ “ %) 
| “Vi 
i ;* 
iD oy ove; vi : rarer) san i 
: , 2) 
oe) ono Semr) of¢..wot -morly datipatdaib wedso wo 


frie, s0es27 at 


ome «ah@l ek maid’ 19 sad. -AageeTIW SY + 
an ‘ o 


S ~ 


Bi eto tot x BLS Dixigvdiza sTUMAL «AM 


4 
- 


Pfsw wom 3t -\eNeL-- SATMGTRRIMMOD. BHR 

i r a : ~ San Fag 

tipo aobtevitivnebi on-et 
. a7 f id : ‘Je 


: ¥ a eee a i Ss 
are OO ae 
; . 


ANGUS, STONEHOUSE & CO. LTD. Spielberg, dr.ex. 2033 
TORONTO, ONTARIO (Lamek) 


THE COMMISSIONER: The bottom left-hand 
Side of what page? 

MR. SCOTT: The only person that I can 
hear talking in this room is Mr. Lamek. He has a 
good voice. I cannot hear when these exchanges go on. 
I am getting old. 

MS. CRONK: «On ExtaGice 2bo ye 
Commissioner, on the bottom left-hand side of the page. 
you will see a reference to 1975, and on Exhibit 219 
on the bottom left-hand side of the page you will see 
a reference to 1982. 

THE COMMISSIONER: Yes, good for you, 
1975, and the same thing, 1982. All right. 

MR. LAMEK: Mr. Commissioner, just 
Sif@} aM heaps 

THE COMMISSIONER: So this one will 
be 218 and this,one. will be,219, 

MR. LAMEK: I think for cross reference 
purposes, too, we could identify the three studies 
that are listed on Exhibit 217-4, the first, the 
post mortem study is I believe now Exhibit 218. 


THE COMMISSIONER: Just a moment. 


217-4 --- 


MR. LAMEK: Yes, under "Myocardium/Seru 


the post mortem study is nowExhibit 218; Living, RAA, Right 
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ANGUS, STONEHOUSE & CO. LTD. Spielberg, dr.ex. 2034 
TORONTO, ONTARIO (Lamek) 


Atrial Appendage, is Exhibit “129; “and ’biving, Ram 1993, 
is Exhibit 219; 

THE COMMISSIONER: I am sorry, I have 
GOCSUWOr 2 EO Ase 

MR. LAMERK:. *No; -EXnib1 GE) 7i9 = ts the 
second one, the middle one. We had already marked 
that some months ago, sir. 


THE COMMISSIONER: All right. Living, 


MR. LAMEK: Living, RAA, the 1982 
article is Exhibit” ¥9; °having; BAA, theeioeseartie7e 
is I believe 219; that by way of arconcoraance. 

THE COMMISSIONER: The 1982 article 
iid aoa 

MR. LAMEK: Mr. Commissioner, perhaps 
T’ can do ZU again; 


The lower half of Exhibit -217-4 under th 


heading "Myocardium/Serum", the post mortem is 
Exhibit 218; Living, RAA with the numbers 34 to 363 
is Exhibit 19; and the next is Exhibit 219. 
THE COMMISSIONER: Yes, all right. 
MR. LAMEK: Mr. Commissioner, having 
thus so successfully interrupted Dr. Spielberg's 
train of thought, could we perhaps take the break 


at this point? 
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ANGUS, STONEHOUSE & CO. LTD. Spielberg / Gesex. 2035 
TORONTO. ONTARIO 
(Lamek) 


THE WITNESS: Can I suggest just one 
additional sentence, maybe, just to put some things 
on the board because it will end that section. 

THE COMMISSIONERS Yes/;wal® reghe: 

THE WITNESS: It ‘will just take two 
seconds really -- well, five seconds maybe. 

What I wanted to do is just list for 
you some of the things that might be responsible for 
this type of variability, and we will just make a 
list and then we will talk about them later. 

One we talked about, is age, genetic 
differences, saturation -- we can get back to any of 
these you want -- and then we have to talk about 
disease state. Diseases of different kinds may, and 
we are going to have to say may because here is an 
areathat is very gray even compared to some of the 
other areas we are talking about, hypothetically, 
such issues as oxygen, how much oxygen is in blood, 
how much acid is in blood, the relative balances of 
ions, sodium, potassium, magnesium, calcium, all of 
these things may influence the way that binding occurs 
from digoxin to its receptor. Glucose may be 
terribly important because the receptor is energy 
dependent, and if it is deprived of its energy either 


because of no oxygen coming to it or because of no 
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ANGUS. STONEHOUSE & CO. LTD. Spielberg, dr.ex. 2036 


TORONTO, ONTARIO (Lamek) 
2 

1 

2 Sugar coming to it, the receptor can be altered and 

a modified. Other drugs, and we will talk about some 

4 of them, drugs like Quinidine, an anti-arrhythmic 

5 drug, can displace digoxin from its binding so that 

7 suddenly the digoxin loses its binding and comes back 
into serum; renal failure, and we will talk about 

t that later as well. Kidney disease can, by mechanisms 

8 we are not entirely sure of, cause a loss of 

9 distribution of digoxin. “Itcomes off of the receptor 

10 it appears, and back out into serum, and finally, 

11 tissue death. If we have dying tissue, it can release 

12 its digoxin and the patient as a whole does not have 
to be dead for certain different areas of tissue to 

hs be in the process of dying or in fact have died 

Me functionally. Finally, we can add as a hypothetical 

1s various types of infections. There are now some data 

16 accumulating which I think are still too speculative 

17 to talk about in a hard sense, but which suggests 

18 that a variety of different phenomena which occur 

19 during infection can change membranes and the change 
that occurs in the membrane changes the ATP ase. 

_ eins or not that really affects digoxin binding 

Z is highly speculative, but I think there is going ee 

- be some interesting things going on with that. 

23 This is just to give you an idea of 

24 
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ANGUS, STONEHOUSE & CO. LTD. Spielberg, dr.ex. ZOOS 


TORONTO, ONTARIO 


(Lamek ) 
26 
1 
Z the huge number of variables which can alter or change 
2 binding, and I think we can stop at that. 
4 THE COMMISSIONER: Thank you. We will 
5 take 20 minutes. 
- === Short (reeess 
--- Upon resuming: 
é THE COMMISSIONER: The new table being 
8 distributed will be No. 217-5. 
9 --- EXHIBIT NO. 217-5: Document entitled 
“Total Body Digoxin’. 
10 
11 THE COMMISSIONER: Now, Mr. Lamek, I 
2 do not know whether to call on you or Dr. Spielberg, 
but whichever it is. 
“ MR.* LAMEKs: (Lf: youtealluonsmey ti witl 
is call,on»Dr. (Spielberg. 
15 THE COMMISSIONER: All right. Yes, 
16 Doctor, do you want to proceed? 
17 THE WITNESS: All right. Well, what 
18 we have done so far is to try to deal with some of 
19 the issues of kinetics, the time dependency, the 
uptake into tissues and some of the variabilities 
a which can exist between serum levels and tissue levels, 
q and the difficulties of extrapolation. 
22 Now, what we have to head into now 
23 is an area that is actually a bit newer pharmacologicallly, 
24 
25 
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TORONTO, ONTARIO (Lamek) 


and I will try to be as careful as I can where we have 
hard fact and where we are speculating so that you 
will know where things are at. 

I think that it should have become 
apparent from our discussion up to now that in 
reality when you look at digoxin, very, very little 
of the digoxin at steady state is in serum compared 
to the amount in the body. What do I mean by very, 
very little? Well, in a general sense at steady state, 
less than a half of a per cent of the total body 
digoxin is in serum. That is important because we 
are sampling serum. We cannot normally sample differen 
tissues or other compartments, but we are sampling 
serum in the hope that that will tell us something 
about what is going on in the rest of the body: 

Now, with most drugs, and the reason 
that therapeutic drug monitoring, for example, works 
is that there is a clear-cut relationship between the 
amount in the serum and the amount in tissue. We have 
already said that with digoxin that may not be the 
case; there is much more variability, and furthermore, 
99.5 per cent plus of the digoxin is out there in 
tissues in compartments which we cannot readily ae 
and which our blood levels may not directly reflect 


for several reasons. 
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Now, the consequences of that are 
several --- 

THE COMMISSIONER: Before you qo on 
with that, that 99.5 per cent I found interesting and 
I would like to see if that compares with -- 500 
nanograms down to --- 

THE WITNESS: You cannot compare total 
amounts. 

THE COMMISSIONER: No, but you said 
99.5 per cent and we have not heard that figure 
before. Ifyou look at 217=1;, I take 2G thie 2 eae 
concentration of -- 500 has to go somewhere, it goes 
into tissues and some of it is excreted at the same 
time? 

THE WITNESS: Right, a very small 
amount. 

THE COMMISSIONER: Where did you get 
your figure of 99°56 per cent? 

THE WITNESS: Okay. Now, that is 
shown in the next figure. Now, what we have to take 
into consideration is the amount of serum in the body 
compared to the total weight of the body and the 
relative concentrations in serum at given different 


times. 


Now, what I have shown in this figure, 
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ANGUS, STONEHOUSE & CO. LTD Spielberg, dr.ex. 2040 


TORONTO, ONTARIO 


(Lamek) 
and let us just look at the top line -- we'll get 
into what the rest of it means in a moment -- the top 


line, we will assume a 4 kilogram child with a volume 
of distribution of 15 litres per kilogram. That is 
the steady state kind of concentration. We are now 
talking about pre-distributive. That means that in 

a 4-kilogram child, the total amount of digoxin in 
his body would be 120 micrograms. 

How do we get that figure? If I go 
through the calculation, maybe it will make it clear 
for you then. 

His body weight is 4 kilograms. The 
volume of distribution of the drug is 15 litres per 
kilogram. That means that the drug is distributed 
as though it were distributed in 4 times 15 equals 60 
litres. 

Now, we are sampling serum, and our 
serum tells us there are 2 nanograms per ml out of 
that 60. Two nanograms per ml is 2 micrograms per 
litre. To get then the total amount of digoxin in 
the body, we multiply the concentration of our 
sampling site, which is serum, times the total 
apparent volume of distribution, 60 litres equals 120 
micrograms. Does that follow? 


THE COMMISSIONER: No. 
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ANGUS, STONEHOUSE & Co. LTD. 
TORONTO, ONTARIO 


Spielberg, dr.ex. 2041 
(Lamek) 


THE WITNESS: You are not happy with 
BE yet. 

THE COMMISSIONER: Well, I am not sure 
that I have to be happy with it. I want to know 
where you are going before I want to know whether I 
understand it. 

THE WITNESS: Now, the next point is 
that is the total amount in the body. What is the 
amount in serum? To know the amount in serum we have 
to know how much serum there is in the body, and we 
will assume about 40 millilitres per kilogram of body 
weight is serum, because that is the compartment that 
we are sampling. 

What we are asking, then, is if there 
are 2 nanograms per ml in serum and 40 millilitres 
per kilogram of body weight, how much of the digoxin 
actually is present in serum? Now, to do that, we 
have to multiply, then, the volume in which it is 
dissolved times the concentration. What we come up 
with is about, in here, .32 micrograms total in serum, 
2 nanograms per ml times 40 ml per kilogram times 


4 kilograms body weight. 
THE COMMISSIONER: Well, I would have 


thought if you wanted to find the amount of digoxin 


in the serum you would measure it. 
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ANGUS, STONEHOUSE & Co. LTD. Spielberg, dr.ex. 2042 
TORONTO, ONTARIO (Lamek) 


THE WITNESS: We have the concentration 
but we want the total amount. To get from 
concentration to total amount, you multipy the 


concentration times the volume. 
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THE COMMISSIONER: I:-see. All right. 

THE WITNESS: That is exactly what 
we have done here. We multiplied the concentration 
times the volume of the body to get at the total 
amount from the body. Here, we have multiplied the 
concentration times the volume of the serum to get 
at the total amount of serum. 

THE COMMISSIONER: Right. 

THE WITNESS: Now, the point is, 
when you do the calculation, you end up with something 
like 3/10 of a per cent sof uthestotal body sGigorm 
present in the serum. It is a very, very small 
amount; a very, very small per cent. 

THE COMMISSIONER: At a steady 
stated 

THE WITNESS: At the steady state. 

Now, the reason I bring this up is 
not trivial and it is a major point and one, again, 
that more recent data has. a major impact on our 
understanding of digoxin. 

What we want to do in the left here 
is now say, no digoxin is going to be administered to 
the patient but what we are going to do is release 


some of the digoxin from tissue into serum and ask 


the following question: 
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To go from blood level A, which 
is 2 nanograms: per millilitre, to blood level B, 
which is 30 nanograms per ml, how much digoxin has 
to be lost from the *tisstiesJin Grder!tordestnar: 

Now, we are going up 15 times the 
blood level, okay, £frome2©to' 30) But the amount of 
digoxin that has to be released from tissue, because 
tissue has so very much more digoxin in®it,; as only 
about 4 per cent; actually7"*3.791n its Galeutaeion 
but these are rough calculations and have to be 
viewed as such. In other words, for a massive 
increase in serum concentration, we have to lose only 
a tiny portion of the amount bound to tissue. 

To go up all the way to 100 nanograms 
per ml in serum, assuming that the amount in the 
body is unchanged - no excretion, for example; total 
renal shutdown, okay - now we have a situation where 
the digoxin, the amount in the body is going to stay 
the same but more is going to be present in our 
sampling site in the serum. To go from 30 to 100, 
we have to lose an additional approximately 10 per 
cent - up to 13 per cent of bound digoxin has to be 
tost« 

Now, this is an important concept 


because of several things that have become apparent 
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over the last while, One is the phenomenon that has 
already been presented to you several times; that is, 
post mortem serum digoxin levels can increase, sometime 
threefold, sometimes twofold - highly variable. The 
point being that, under those circumstances, no new 
digoxin is being introduced into the patient. What 

is happening is that some of the digoxin that is in 
tissue, presumably is being redistributed into 

serum. In other words, there is a loss of digoxin 
from tissue into serum. A very tiny loss can produce 
a rather Significant increase in blood level, and this 
is important because if you sample tissue, you 

would never see the small losses. We have just said 
there can be there’ can be tenfold variability in 
tissue concentrations among the different patients; 
you would never be able to detect analytically a 

10 per cent or a 13 per cent change in bound digoxin 
compared to the variability which exists among 
different patients. 

The second point is that we are 
now begining to learn that such loss of binding or 
redistribution of digoxin can occur in living 
patients. There is literature now - Mr. Lamek has 
a copy of the paper "Annals of Internal Medicine" in 


1983 examining renal failure as an example of this. 


Pr at al 
eer erty “nonrioniadg etl eb ed! 


cub chert! Sedortd Leivwe: py ee 


4 Pisce «peheron. aso eioygl iA Keb eer 
i, ed) Ge ; ; y ; al 
onr (Site ts BY vty in :- Te stow aoe se eee “hte : 
ahi Mia ‘ 7 r 


A! yaw . TReded: Sttt hake free usb uathed ee nbxgeip 
¥ 1) | , : . 7 


oboe. tatit nirtonrin | vid. TO sane | owe te ni jot c nih sé out 
boris Hedetliusethar pita 23 jb Cage ihnripsoees 4 Su ania 


me i oA de 416 BE fat fens i Matt 4 ae ' wlto ed “singe 


Soo yag” at L vitgs nyse Gti Seely ne 
Pettis Stn ylavel toold ni seno7onS Apsetarnaiae Toae7 Ba. 
| ‘i * | i d 4 40% 

Fay ,ayeei) Bigqnde voy LP Beupged sustpocs 21 
bfse feuf sved- ow sasecnol [hae Add soe Revoe bivow 


ni yenk fdsiaiv bietde.) od wy ota of neo. cxSc4 


| i ,esHo rte ISaSersttTip st). paomse B27) 76  iiSoRyD sueel,) 
7 , “ v4 
s Viteotéviéte Jooieh.ov side sd sevse0 Blhoow vox 
Mikeerh bitiod ai apf dies taq Se ee Co tneo med Uf 
fi 
Tes ‘pene ~~ fioctintw wibideisey ant b2! ‘bau ate 
\, Sas it 
P is =) > ee Pawan 4 ‘* , W, feta, Ineo Lbb 


vs) rs oat aw “sil: al’ sto sai —_ 4 és oo aia 


4 


wo debts 38 aebr nue ae yo p unintess Wor 


“wen on \asansteanisrin, saad. tanborett gut stalleilan | 


ie. 


H4 


ANGUS, STONEHOUSE & CO. LTD Spielberg 2046 
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Digoxin is not administered to the petleniy=S mt a6 
stopped. He has been on digoxin so he is fully 
digitalized and has large amounts in his body. The 
digoxin is stopped and, yet, the digoxin blood level 
continues to rise. So, indeed, without any 
exogenous administration of digoxin, the possibility 
exists, under certain pathophysiologic conditions - 
the published condition being renal failure - for 
reasons that we don't fully understand, digoxin levels 
can rise in the absence of administration of digoxin, 
and that is something that we are going to have to 
cope with, both in vivo and ib vitro. 

What it Says is, because of the 
huge amounts of digoxin in the body, small losses 
from tissue, very small losses compared to the total 
amount in the body, lost from binding sites, because 
the binding sites are damaged,or dying,ror because 
other things are displacing the Si oakin from the 
binding sites, can cause digoxin to redistribute 
back into serum; it can occasionally occur in viva, 
and we will talk probably in the context of specific 
patients, what evidence we have for and against each 
specific situation. We know it can occur in renal 
failure. We know it can occur with drugs, such as 


quinidine. We know that it can occur from tissue 
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ANGUS, STONEHOUSE & CO. LTD. Spielberg 
TORONTO, ONTARIO adr.ex (Lamek) 


death,or necrosis of different tissue where no 
exogenous administration in a patient who has digoxin 
on board already can cause a rise in serum levels, 
and that is the basic point to be made from that, and 
it is something, again, that we will have to cope 
with, both, for, im vitror isiiwatiionsandet oe lay ing 
patients where loss of binding integrity has now been 
demonstrated to cause increases in serum levels,and 
in order to interpret post mortem levels where it is 
already a reasonably well-established scientific 
phenomenon that loss of binding from this huge pool 
can have a major influence on the small pool in 
serum, 

To draw an analogy, the amount in 
serum is basically like a thimble compared to a 
bathtub in the body; reasonably small waves can 
swamp that thimble and markedly increase its levels 
without any apparent change or scientifically 
detectable change in the tissue levels. It is some- 
thing we will have to cope with when we deal with 
the specific patients, both pre mortem and post mortem 
levels. 

THE COMMISSIONER: One thing that 
concerns me. You say, the loss from tissues can 


result in massive increases in the serum levels, but 
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does it all have to go to the serum, the loss from 
the tissues? 

THE WITNESS: Eventually, yes. 

THE COMMISSIONER: Fine, 

THE WITNESS: It doesn't have many 
other places to go. “Basically, Laevyoulloor atean 
organ, for example, okay, with blood flow occurring, 
the blood is going to leave arteries into small 
arterioles and then into capillary arteries bathing 
the various different cells. There is exchange 
that exists between the cells in life or, for that 
matter, in death, as they are dying, releasing various 
excretory products into the serum that is then 
collected on the other end into the vein . 

THE COMMISSIONER: I am only 
concerned, really, with the answer to the question; 
not with the reasons why you are getting there, because 
that is something I am prepared to rely upon your 
expertise more than-mine.  I[ogust don't quite under- 
stand why it must go from the tissue to the serum. 

Yout says ityausi.) | Yoursey tit, you 
lose it from the tissue, it must go to the serum. 

What happens when bodies decay? 


THE WITNESS: This is post mortem, 


for example? 
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1 
2 THE ,COMMISSTONER: \Post «mortem, yes. 
3 THE WITNESS s~ Now, the -— 
4 THE COMMISSIONER: Digoxin, surely 
: would not go from the tissues; it would go into the 
air , would it-snote 
p THE WITNESS: No. .Lt.is.not.volatilel, 
q Okay. In a situation where the body would be buried, 
8 there might be a lot of, you know, movement within 
9 tissues themselves, but basically, under those 
10 circumstances, there is no circulating serum. 
fl THE COMMISSIONER: .At.any rate, 
a do I understand -- 
THE WITNESS: We do know, however, 
that, in a situation, for example, where a patient 
14 has died, okay, and now there is no new blood circula- 
15 tion, if we obtain a sample at the moment of death - 
16 if that were possible - and then several hours or 
17 days later, in fact, the concentration of serum has 
18 gone up, or in blood has gone up, and, again, our 
best hypothesis for this is redistribution into blood. 
af What we are dealing with when 
ay tissues die is digoxin is going to go into body 
zs water and that body water is then going to redistribute 
22 into serum. It really doesn't basically have too 
28 many other places to go. 
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THE COMMISSIONER: What you are 
telling us is it does go into serum -- 

THE WITNESS:: Yes, 

THE COMMISSIONER: -- when it 
redistributes itself from the tissue? 

THE WITNESS: This certainly would 
be the case in vivo. It is the case from immediate 
post mortem until autopsy. For buried tissue, it is 
a very different kind of phenomenon, and I don't think 
even we can comment on it because we are not sure 
what happens to it. Some of it is broken down by 
bacteria and fungi. and such, but that is really 
a very different issue. 

THE COMMISSIONER: You are assuming 
there is no excretion au lallg 

THE) WLENESSis) Geves. 

THE COMMISSIONER: If there is any 
excretion, that is probably where it will go? 

THE WITNESS: Yes: 

THE COMMISSIONER: Fine. 

In the ordinary course, that is what 
does happen, I take it? The digoxin goes from the 
serum to the tissues and then is excreted? 

THE WITNESS: It comes back into 


serum; it can't be excreted from the tissues. 
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THE COMMISSIONER: “<1t ‘ean sondy ibe 
excreted from the serum? 

THE WITNESS #° *Rigits Blood is 
going to profuse the kidney or liver. So, in other 
words, for instance, if I have a molecule of digoxin 
sitting out in my skeletal muscle in my arm, the only 
way it is going to exit the body is by re-entering 
blood, being transported to either the kidney tubial 
or the glomerulus for filtering or pumping directly 
into urine; or, perhaps also, to be metabolized in 
the liver. Okay. It can't exit the body except by 
that type of physiology. 

THE COMMISSIONER: Take the case 
of the heart, first of all == 

THE WITNESS¢* Right. 

THE COMMISSIONER: =-- it goes back 
into serum and then from the serum it goes eventually 
to the kidneys -- 

THEO WITNESSES Right. 

THE COMMISSIONER: -- and then out? 

THE WITNESS: Right. That would be 
the simplest view of it and reasonably close to the 
physiology of the Bitpation. I think 2t ieusort of 
best left at that - there is really no other mode of 


exit for it except by metabolism in the liver. 
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Now, having said all that, we have 
to get to one of the major) cliniveaie seucesie lam ther 
words, is there a good correlation between blood 
leve Landa toscuiciay? This is a complicated issue 
and we have already brought up some of the complica- 
tions. We have said that, because of the distribution 
phase, you can have extremely high concentrations with 
no toxicity whatsoever as the drug distributes in 
the body. We have also said there is a great deal 
of variability in the tissue-to-blood ratio and, if 
most of the toxicity is mediated at the level of 
tissue - which is what we believe it is - and the 
blood does not necessarily well reflect that, you 
would imagine that blood levels would not be all that 
helpful except as a rough guide to toxicity. 

Now, I would like to, since it is 
said so much better here, try to provide you something, 
and I will provide the actual quotation from Goodman 
and Gilman, which is a standard pharmacology text, 
the 6th Edition, 1980, and it contains a lot of what 
obviously is outdated material because of the progress 
that has been made since. I think it states the 
situation very well. 

First, let me list the manifesta- 


tions of toxicity and then get into the correlation 
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with level. 

The standard things we talk about 
are nausea and vomiting from digoxin toxicity, a 
very non-specific kind of sign, obviously, since 
nausea and vomiting can originate from many different 
sources. It is thought that much of the nausea and 
vomiting may be mediated by digoxin effects in the 
brain in an area called the vomiting centre, if you 
will, chemoreceptive trigger zone, a fancy term 
for the vomiting céntre. Some of it may also be 
mediated directly on the gut since diarrhea also 
can rarely resultetrom digoxin toxicity. 

Then we have a series of other 
somewhat less common events, which can occur with 
digoxin toxicity, and we will have to go through 
some of them. 

Changes in the central nervous 
system, sometimes confusion. These are very high 
concentrations. Sometimes delirum. Very peculiar 
changes in vision, often, in adults, described as 
"things looked yellow". This was invoked in why 
Van Gogh painted the way he did - there are all 
sorts of stories of whether Van Gogh had been 
digoxin-poisoned. And I won't comment any further 


on that. It may colour the way you look at the world, 
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shall we say - and no pun intended. 

Clearly, another interesting one 
is gynecomastia - which means breast enlargement in 
men. Because digoxin is very similar to some of 
the steroid hormones that are present in the body, 
digoxin can cause breast engorgement. Infact, some- 
times we see breast engorgement in children on 
digoxin. It is reasonably rare but it sometimes 
does happen and it is, at least, worth mentioning. 

Clearly, the things we are 
concerned about are the effects on the heart. That 


is the major issue. 
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And what kinds of toxicity occur with 
digoxin in the heart. We have already said that one 
of the effects of digoxin is on the Vagus nerve 
and on the rate of the heart. So that cardiac slowing 
decreased heart rate may or may not be a sign of 
digoxin toxicity, but certainly a slowing of the 
heart is one of the manifestations of digoxin 
LOX tee 

The next group are things that we will 
call dysrhythmias. Some people call them arrhythmias. 
Since 'A' means non I think probably dysrhythmia is 
a better term. And what they are are abnormal 
electrical patterns in the heart, abnormal rates. 

Some may Originate - the level of the atrium and 
some may originate at the level of the ventricle. 

To make a long story short, almost 
any itype of arrhythmia can result from digoxin. It 
is said,nand it: franklyea soe@stiiculies: toi getstrom the 
literature just how accurate the statement is, but 
it is generally said that atrial arrhythmias tend to 
be more common in children along with bradycardia, 
cardiac slowing. And in a general sense ventricular 
arrhythmias tend to be somewhat more common in adults. 
That is probably a generally okay statement with 


the following caveats that we have to add. 
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bates 


To quote Goodman and = Gilman a little 


"It issimportantstoe realize thatlalt 
disturbances of rhythm associated with 
high concentrations of digitalis in 
plasma or tissues are not necessarily 
manifestations of digitalis toxicity 
and that low concentrations of fic 
drug in plasma do not preclude the 
possibility of drug induced arrhythmias. 

The concentration measured in 
plasma can serve as only a crude guide 
to the likelihood of either efficacy 
SELEOxPeI tS” 


Now, the problem we are dealing with, 


really, is that we use digoxin in patients with 


diseased hearts®and most of tEheVabnormallitirves*in 


rhythm which occur can be part of the disease state 


itself. 


Again, to quote them: 

"For example, an increase in the 
severity of heart failure often itself 
is the cause of atrial and ventricular 
arrhythmias. A patient who is simply 


getting sicker because of: his heart 
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"disease is more likely to develop these 
kinds of arrhythmias." 

So that it becomes extremely difficult 
to separate out the effects of the drug versus the 
heart disease that the patient has and probably the 
major confounder that we have to deal is the relation- 
ship between the patient's disease state and whether 
or not digoxin is, playing, a role’ in asrhythm distur- 
bance. 


What other things can alter the likeli- 


hood that these events will occur. A major one is 


hypoxia - decreased oxygen. For example, in adults 
who have had a heart attack they have an area of 
dead tissue sitting out in the ventricle. That by 
itself acts as a, quotation mark "irritable focus" 
end quotation marks for a ventricular arrhythmia. 
A very low concentration of digoxin might cause 
further arrhythmias in such a patient who already 
has an increased likelihood of an arrhythmia. 
Similarly, big increases in oxygen 
will.alter’ ATP»ase: Eunction, and) can;*again,, pra- 
dispose to arrhythmias, to which we now have to add 
hypoglycemia, decreased blood sugar, decreased serum 
potassium, a major thing. Most adults who get into 


trouble with digoxin from arrhythmias do so not 
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because their blood is excessively high but because 
their serum potassium is low because of the use of 
diuretics which waste potassium in the kidney. 

So that probably although you would thin 
the most common cause of digoxin toxicity is 
elevated digoxin levels, in clinical practice, at 
least in adults, the most common cause of digoxin 
toxicity is decreased potassium levels. 

We also have to deal with calcium. 
Increased calcium levels can be associated with 
increased dig. toxicity and any plasma concentration, 
dscreases in magnesium, and other ion. So, you see, 
there are a variety of things we have to cope with 
here and we have to look at each patients on their 
individual merits for all of these things. 

Hypothyroidism, decreased thyroid. 

For reasons that we don't understand at all, many 
patients with hypothyroidism may get into cardiac 
problems, or heart problems, and they are very, very 
subject to digoxin toxicity at very low concentrations 
and we don't understand why, but that simply indeed 
oceursé 

So, point to be made that you can have 
a patient in factwith a reasonably high level of 


digoxin with no manifestations of toxicity. You can 
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1 
2 
have a patient with very low concentrations of 
? digoxin with manifestations of toxicity. How do we 
4 cope with this? Well, let's say we are dealing with 
5 a situation where we are asked to consult on a 
6 patient who has heart disease and we are asked to 
7 say, well, we just sent off a serum digoxin: level 
P and it came back 4. Okay, we normally talk about a 
therapeutic range and albeit that this is very broad 
R and only guideline, these numbers are not’ emblazoned 
10] in stone, they are rough guidelines. In adults we 
11 go all the way from a half, maybe up to 2.5 nanograms 
12 per ml. Some people will extend that range up a 
13 little; bitrinepatientsgein chuldreniparticulazrhy, 
14 but in any case we use this as a rough guideline. 
So, let's say we get back a level of 4 nanograms per 
i ml. and we receive a call about this and the patient 
8 is still alive. What do we need to know to interpret 
7 this level relative to whether or not it is a toxic 
18 level. We need to know certain things: first is 
19 the pharmacology. Time? When was the dose given, 
20 by what route was it given and when was the level 
mt drawn relative to the dose, because clearly if we are 
in that distributive phase, the 4 may be higher, it 
- may be lower, we don't know because the concentrations 
ae we are talking about here are derived from steady state. 
24 
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So, we really have to know whether this 
reflects a steady state or a pre-distributed state. 
The second thing we need to know is where the sample 
is obtained from. It sounds strange in a living 
patient but it can be important. 

Not infrequently - well, probably the 
major cause that we find elevated digoxin levels 
are trivial issues of timing, the level is drawn too 
close to «the tdese» |) i Brobably 480eper caenvbeofsoun 
consults are» basedvon that. 

Samphing errors in the ICU. or in 
critically ill babies*oftenviteisiwery;avery hard 
finding intravenous sites. Their veins have been 
used for multiple blood drawing and it is very 
difficult. Some babies have central lines, which 
means an IV catheter put into a large vein in the 
neck. That line is not infrequently used both to 
give medicines as well as to draw blood. 

We have had now a number of experiences 
where somebody would draw the blood sample back from 
that central line and get extraordinarily high 
digoxin levels. We would call the floor and they 
would say, well, the patient is fine. What's going 
on? Well, what happens is, remember, we are giving 


digoxin in micrograms, we are measuring it in nanogram 
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That is 1,000-fold difference. So that if evena 
tiny amount of digoxin sticks to the tubing or, 
for example, is still in the IV solution but settled 
out in the U portion of an IV tube as it hands down, 
it is very easy if we draw back on that line even 
several hours after the digoxin has been administered 
to pick up a tiny fraction of that dose and end up 
with extraordinary high numbers. So, we do have 
to know about sampling. It doesn't happen often 
but it happens enough that it is one of the questions 
that we routinely ask. 

Now, let's say we know that it is 
a steady state level and we know that the sample was 
obtained correctly and we have a 4. The next thing 
we obviously need to know is the clinical status of 
the patient. What do we need to know about it? We 
need to know, is he manifesting any evidence whatso- 
ever of digoxin toxicity. Well, let's say we are 
told that the patient hasn't been feeding very well 
that day and vomitéd his last feed. Okay, this might 
or might not be due to digoxin toxicity. Let's say 
he also has an arrhythmia, mild, easily manageable, 
but he has an arrhythmia. This might or might not 
be due to the fact that his digoxin level is 4. 


What is our response then? We have to look through 
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‘ €verything: all those factors we had on, ithe cboard, 


Oxygenization, potassium, calcium, all the variables 
that can have an impact on whether or not the patient 
is going to develop toxicity and then we have some- 
thing we can do in a live patient. We can hold the 
digoxin. We can do an experiment. We stop the 
medicine and we watch as the level comes down, does 
the patient get better. 

This is probably our single most useful 
tool inf fact say ceva pharmacology when you are 
trying to assign.a relationship between a series of 
symptoms and a drug or a drug level, removing the 
drug, decreasing the level is probably one of our 
better sensitive tools. 

If we wanted to, and we wouldn't want 
to with digoxin, we could then increase the level 
again and see if the symptoms came back. A positive 
challenge, We wouldn't want to do that with as 
dangerous a drug as digoxin, but in the absence of 
clear evidence of improvement as the level came down, 
it would be extremely difficult for us to be sure 
that the elevated level was indeed the cause of the 
patient's nausea and vomiting or that the elevated 
level was the cause of his arrhythmia. 


Now, what's the practical consequence 
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of this. If we have an elevated level which occurs 
in a baby in whom either the child dies or there is 
no opportunity to stop the digoxin to see what 
happens when the digoxin level indeed comes back 
down, we are missing a tremendously useful piece of 
diagnostic information and then we are going to have 
to cope with the far more difficult problem, and 
that is exactly what we are going to have to do 

with each of these children because in the situations 
for which we do have blood levels, we did not have 
the possibility in most of the children of 
dechallenging and examining what happens. That is 
probably one of our most useful tools. So, that has 
been removed from us. All we have are blood levels. 
We rarely have any information on time. We have 
problems to deal with in sampling. 

THE COMMISSIONER: I'm sorry, we have 
all the information I think, do we not, on the time 
of delivery of injection? 

THE WITNESS: We have time of last 
known dose but if another dose was given we don't 
know when it was given. 

THE COMMISSIONER: No:. But we do 
have the information on the time of delivery in each 


case and time of legitimate delivery. 
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1 
2 
THE WITNESS: The time of legitimate 
: dosing, yes, that's correct, ‘that's correct, yes. 
4 THE COMMISSIONER: Yes. 
5 THE WITNESS: But if an extra dose 
6 were given we lack that information. 
” THE COMMISSIONER: tT winraGiverd that’s 
3 why we're here. 
THE WITNESS: Bxactive yexactlye «so, 
; this is where we are at at this point. What we are 
i going to have to add on to all of the remaining 
11} discussion then are major issues in terms of how 
12 the samples are obtained and potential artefacts 
te because when we get back these numbers our initial 
14 assumption is going to be and what we will try to 
i do when we go through the specific patients is to 
assume that the numbers are correct and then see 
ne pharmacologically what sense we can make. 
17 Recognizing that the numbers might not 
18 be correct, and what potential artefacts may have 
19 been introduced into each of the numbers, because we 
20 have to keep in mind the way in which samples are 
a1 collected and what impact that may have on the numbers 
and in turn then what impact that may have on our 
x interpretation. 
# Among the things that we will talk about 
24 
25 
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we will talk about --- 

We will talk about my beeper going off. 
---Discussion off the record. 

THE WITNESS: Sampling techniques 
we have to be very concerned about. This is going 
to apply particularly to postmortem sampling 
techniques and the way in which samples were obtained 
and we are going to try and do our very best to go 
through and look at the sampling techniques and 
to see what influence that may have on interpretation 
of our numbers, sites at which blood samples were 
obtained post mortem, the technique by which they 


were obtained post mortem. 
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We are going to have to look at a 
variety of agonal events, by which I mean the kinds 
of things that occurred right around the time of 
death and the response during the resuscitation. 
Those are going to be very hard things to look at. 
They are areas where our data base is very small, 
some of it anecdotal, but it may have major impact 
on the ultimate numbers which result. 

We are going to have to consider the 
effects of preservatives and of burial and of 


desiccation. We are going to have to look at 


‘possible changes, both chemical and bacterial and 


fungal on all of these phenomena. 

The one caveat I at least have to say 
at the beginning, “and fl™is*a horrible *fruastration, 
I think, to us all, is that many of these variables 
we just cannot define and control for. We will do 
our best. I will try to point out those things that 
we do know something about, and where it is 
congecture, again, I will try my best to label it as 
congecture so that you will know where things stand. 

To summarize where we are at up to 
this point, then, we have said that in terms of 
achieving a specific level, we have a series of 


potential hypotheses. We have the possibility of 
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excess administration of digoxin which we always have 
to keep in. mind, and we have, to look touwsee in each 
situation what type of administration and what kinds 
of volumes of administration and what sort of 
circumstances are more or less plausible. We have 
to look at pre-distribution, this kind of time- 
dependent phenomena and ask do we have evidence for 
or against a level resulting from problems related to 
timing. We have to look at the issue of variability 
from one patient to another because of the phenomenal 
overlaps in toxic and therapeutic ranges. We have 
to be very cautious in interpretation, but at the 
same time try to provide some interpretation for each 
patient. We have to look at the issues of de- 
distribution or loss from binding sites back into 
serum, which may play a role in some patients and 
may not play a role in other patients. Finally, we 
are going to have to look in each situation are 
there artefacts which are going to complicate our 
analysis and are going to make it more or less 
difficult for us,to come. to, specific: conclusions. 

In codng.so,, agoain,4J. think. our 
approach has to be looking at each individual ntiwee 
on his own merit, what the hard data are, what the 


soft data are, what this tells us about the reasonable 
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RG, 
i 
2 probabilities of the various hypotheses before we 
3 then try to go back and group the patients together, 
4 with the one caveat that if indeed there is not 
5 homogeneity one cannot group. So we have to seek 
what evidence there is for and against homogeneity 
: of at least the levels that we do indeed have at the 
7 
moment. 
8 I think we can stop there and then 
9 have Mr. Lamek proceed and we can discuss further. 
10 MR. LAMEK: I have forgotten how. 
1 THE COMMISSIONER: I take it we are 
ib now going to proceed to the children? 
THE WITNESS: Unless there are things 
‘i that we should review further. 
a THE COMMISSIONER: No, there is 
15 nothing we should review further, and we will proceed 
16 to the children right now. 
17 MR. LAMEK: There may be a couple of 
18 things, Mr. Commissioner. 
19 THE COMMISSIONER: All right. 
MR. LAMEK: Q Dr. Spielberg, thank you 
= for that. It was helpful in defining some of the 
a problems in interpretation. 
22 As they say in minutes, a couple of 
23 matters arising out of it, if I may, though, please. 
24 
25 
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I was struck at the outset when you 
told us of the long history of use of digitalis 
preparations and the width and breadth of their use. 
You said digoxin has been used on millions of patients. 
Are you able to help us from your review of the 
literature approximately how many reported fatalities 
are there from digoxin? intoxicationgin hospital 
settings? 

A. I cannot give you a good number 
on that in honesty. To give you -- well, let me just 
check one votential source. You would obviously have 
to look, I thinky very cGaretuliy at botnepatient 
population, ages and such of patients. One of the 
things that standardly -- they do not quote a number 
in here unfortunately. I would have to look back, in 
honesty. 

To give you a rough estimate of the 
kinds of things we are talking about, digoxin typicall 
is said to have a low therapeutic index. That means 
the concentration which produces some type of 
abnormality, for example, a rhythm disturbance, is 
si all that much greater than the concentration 
which will produce efficacy or the desired preee couric 


effect. 


0. Therapeutic effect, yes. 
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A. A fairly large number of patients 
manifest digoxin toxicity. This is true particularly 
in clinical settings where you have outpatients, 
again, with the issue of potassium-related problems, 
because a fair number of patients -- it does not 
apply quite as much in paediatrics as in adult 
medicine, where the patient goes home, is on a 
diuretic, is losing potassium, keeps taking the same 
dose of digoxin and yet comes in severely digoxin 
toxic and may die as a result of an imbalance in 
potassium and digoxin levels. 

Is this a rare event, Ho; st is Mot. It 
is a frequent event. In a general sense, one has to 
be reasonably concerned in using digoxin despite the 
fact that we use it safely in a large number of 
patients, that toxicity may result. 

One situation which can result in 
sending patients home from hospital as they are 
getting better, and this has happened with children 
as well, if they are on oral digoxin, when you are 
in heart failure, the gut is not as well profused 
with blood and often absorption is very bad. When 
the patient gets better, suddenly the gut is now 
profused and absorption of the drug can improve 


tremendously, leading to sudden and excessive digoxin 
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toxicity. This certainly has happened in adults, it 
has been documented in children as well. 

So I cannot give you accurate numbers. 
We could try to go back to the@i@eGeracure: see sthink 
we probably could not get accurate numbers from the 
literature, but digoxin toxicity and even fatalities 
certainly is not a vanishing event at all. 

0. Well, I limited, or indeed I 
had hoped I limited my question, Doctor, to fatalities 
resulting from digoxin intoxication in Mose tax 
settings, and you are not able to give me that number, 
L take Src? 

A. No, but “again,albeaewlaL 
uncommon. It is not uncommon. 

0. Now, you have told us something 
about: the distribution “curve of “Ehvewrug, andedn 
particular, with respect to IV administration. I take 
it that other routes of administration will produce 
rather different looking distribution curves? 

A. Yes, that is true. 

0} Can you sort of briefly and 
perhaps in graphic language just give me an idea of 
the distribution curve I might expect from an oa 
administration, a therapeutic dose of digoxin? 


A. Maybe I will draw it and that 
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will make it reasonably straightforward. 


0. Well, all right, except we are 


not likely to make that blackboard an exhibit. 


A. I will verbalize the® picture. 
0. ATI agit. 
A. Again, this will be taken from 


children, data in children, and a reasonably standard 
kind of picture that one would see, here we are 
talking about hours --- 

0. You are plotting hours along the 


bottom of the graph. 


A. We are plotting hours versus 
serum digoxin, and we will look at a range of -- let 
me get the actual numbers so that we are not -- I can 


give. you. a” reugh' === 

THE COMMISSIONER: I think what we 
really want to know is whether the angle will be more 
or less acute; that is all we are after. 

THE WITNESS: Yes, it is dramatically 
differentjwin Tack. 

Okay, this is a situation where a 
10 microgram per kilogram oral dose was given to 
children. That is again a reasonable therapeutic 
type of situation. 


What happens is that the blood levels 
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gradually rise =="thisiwalltbe lees, ener 
nanograms per ml, and the blood levels gradually rise 
with a peak occurring at about an hour. So this is 
a very different situation than when it is given 
intravenously and it immediately enters serum. 
Thevgqutrhasttecabsorb Pty ,itehas to get 
past the liver, some of which is excreted, then it 
has to get into the genéral" circulation.» iSo that 
there is a gradual rise with a peak, and the peak 
can occur anywhere from one to three hours after 
administration. It is reasonably variable and can 
be influenced by food to some extent, by the acidity 
of the stomach to a limited extent, and little 
babies do not have acid in their stomach, they have 
an alkaline stomach, and it can influence it somewhat, 
by the motility of the gut, and potentially by the 
disease itself. As we have said when you are in 
cardiac failure absorption is often not very good 
and improves as the function of the heart improves. 
Then it comes down from there with what will be a 
reasonably standard half life for elimination. 
So the beta elimination phase from 
the body is going to be reasonably similar. Again, 
we are talking half lives ranging from 20 to 80 hours, 


and it is then going to be excreted. 
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The peaks, in a general sense for a 
therapeutic dose that we usually talk about is anywher 
up to about a fivefold increase in serum concentration 
over what it will, be at steady state. So that if our 
steady state concentration in a patient taking 10 
micrograms per kilogram per dose per day, as a 
therapeutic ongoing maintenance dose, and his serum 
level would end up being 1 nanogram per ml, when we 
sample it at 12 to 24 hours after the dose, we might 
well expect concentrations in the range of 5 nanograms 
per ml at the peak. It is going to be very variable. 

THE COMMISSIONER: At what point do 
you reach the steady state, though? 

THE WITNESS: Under circumstances like 
this, we usually will advise to wait at least six 
hours in patients. 

THE COMMISSIONER: Not that much 
different than, ,1,.9uess.——-— 

THE WITNESS: Not that much different 
but a little bit longer. In a general sense, we are 
happier if we wait 12 hours because then we are 
reasonably confident that doses are going to be 
reasonably at steady state. 

Now, if a child is, say, getting a 


dose twice a day, which sometimes is done, the dose 
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will be divided up 5 micrograms per kilogram twice 
daily, we recommend to the staff that a level be 
taken immediately prior to the next dose and that 
this will be a reasonable representation of a level 
out here rather than getting confounded by a rising 
or a falling level. 

THE -COMMISSIONER?S *2Bub-that Ts not 
just for°oral? You recommend” that for vals? 

THE WITNESS: Yes, particularly for 


oral, though, because this can be skewed quite a bit 


more. 


THE COMMISSIONER: But I think I have 
heard that this recommendation has been made and has 
been adopted -- 

THE WITNESS: Yes. 

THE COMMISSIONER: —= in the Sick 
Children's Hospital before giving the next one? 

THE WITNESS: Yes. 

THE COMMISSIONER: Do you happen to 
know the ratio of intravenous and oral injection? 

THE WITNESS: What we have to deal 
with there is something called bio-availability. In 
other words, if you give it IV or give it orally, Bove 
much total is absorbed from the oral? 


THE COMMISSIONER: No, I really want 
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to know the percentage of children, if you happen to 
have this information, given it orally and how many ar 
given it intravenously. If you don't know, that is 
fiers 

THE WITNESS: I do not know offhand. 
Very often when the children are the sickest, they 
will be receiving it intravenously because of 
questions about absorption and vomiting and everything 
else from their disease. 

Clearly, ali children who are, at home 
are going to bégreceiwmigg@te Orally. What percentage 
on any given day on the ward I honestly could not 
say. We could get that information if you would like 
ate 

THE COMMISSIONER: No, no, I do not 
want it, thank you. 

THE WITNESS: Now, intramuscularly, 
which, 2isvanother =-=— 

MR. LAMEK: Q Could we pause there 
for just a moment, Dr. Spielberg. 

Certainly as between oral and intra- 
venous administration, I take it the two major 
differences between the distribution curves that you 
have plotted for us are one, that the peak occurs 


in the case of oral administration approximately an 
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hour after administration as opposed to immediately 
after administration with IV? | 

A. COmMEREC Ee 

0. And second, that that peak, when 
it occurs on oral administration, is nowhere near the 
height that itis with Ly? 

A. Yes; othat will be, generally 
speaking, true. 

Q. And indeed would be approximately 
of the order of five times the maintenance level -- 

A. Right. 

Q. -- that you are seeking to 
achieve on oral administration rather than scores of 
times higher on IV? 

A. Yes. 

0. Now, do we need to bother about 
intramuscular administration? I gather that is not 
frequent? 

A. Yes, 26 18S mot frequent, 
think we should at least say something about it. 

The situation where one mightgive an 
intramuscular injection is where the patient's veins 
simply are such that one cannot get an intravenous | 
line into the patient at the particular time and his 


dose is due with the notion that, well, we will put 
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the IV in later, we simply cannot find a site at 
this moment and he needs his medicine, and where, for 
One reason or another, you cannot give it orally, for 
instance, if the child has NG drainage and 
has been vomiting all along from another cause and you 
are simply concerned that it will not go in. 

The intramuscular route, in general, 
produces rather erratic blood levels. It is absorbed 
very differently, shall we say, from time to time, 


from site to site. 
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It can give you blood, levels that.really.are rather 
difficult to interpret. from one patient to another. 
The other problem is that the vehicle that the drug 
is in can cause a lot of muscle pain, so we usually 
do not like to do it but under certain circumstances 
one might. 

If you were trying to estimate what 
kind of curve you would get, again because of the 
erratic absorption it is very hard to know, it gets 
to be somewhere between intravenous and oral, but 
with so much variabilityst'think it will be very 
hard to interpret. 

oP Could you give me even an 
approximate length of time between administration 
and achievement of steady state distribution by 
intramuscular administration? 

A. It is so variable I honestly 
don't think you can. To give you an idea how difficul 
it is to predict, for instance if you give a reasonably 
large volume it may just sit in muscle and you are 
absorbing the outer portion that is exposed to 
circulation, so you have this glop in essence of 
drug sitting; there which can't, he absorbed, 

If there is already a degree of 


muscle damage from poor profusion or whatever, it 
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1 
2 
could sit there for a very long time before it is 
| absorbed. So I think it would be very hazardous to 
4 guess, there aré no cliniteal studies using 1t. that 
5 way because it is not just a prefered route of 
6 administration. 
7 OR Can I ask you please about 
4 Exhibit 217-4 which was your table of relationship 
to tissue, do you have it? 
‘ A. I'm sorry for the disorganizatio 
w here. ; 
11 a. That's all right. 
12 A. Yes. 
13 On Do you have it? 
14 A. Yes, this is the serum tissue, 
15 age dependence, et cetera? 
0. ThAt* Se rigiiu.- L’Enought’ £ 
Me heard you°say, Drv"Spielberg, that = this is at a 
7 time when you thought the measurement, the numbers 
18 recorded levels rather than ratios, that those levels 
19 were expressed in micrograms per gram. Now, if that 
20 be so, that is a new mood of expressing measurements 
a1 of dixogin in tissue to this Commission at least, 
the results that we have seen are expressed in 
= nanograms per gram but micrograms is a method that 
. is used is it, per gram? 
24 
25 
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A. Basically all metric conversions 
are inter-convertable. 

Q. Xesc 

A. For instance, if you were 
dealing with 125 nanoguanapethat si seel25emierograms. 
It depends on what purpose you are trying to use the 
Other data for: if yousare trying to cium Gp ait 
the amounts for total body digoxin you would use 
micrograms because you end up expressing it as 
micrograms. If you were looking at tissues that 
have very small quantities it is better expressing 
it as nanograms because you might be dealing with 
4 or 5 nanograms which is .005 micrograms. 

Or, I confess I was a little 
puzzled with the proposition that you originally 
formulated that 84 to 325 represented numbers of 


micrograms in tissues. 


Ay Y@Sx 

Oe We have cleared that up? 

Pee Clearly incorrect, ‘yes. 

Os Now we have what they really 


are, which is the ratios? 
A. Right. 
B. In each of these cases you have 


expressed the range of ratios? 
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2 
A. Rights 
3 
0% Of tissue concentration to 
4 serum concentration? 
5 A. Right. 
6 Qs Do you know what the serum 
7 levels were in each of the three studies that you 
8 have --- 
A. TheyeyvarLledaiquitelatbite tia 
‘ the. latter tstudy)epartieutarly:= andGagainan Would 
ee have: to pull the precise paper. 
11 . Ov Yes. 
12 A. Tne the: Lattersstudyyetheni983 
13 clinical) therapeutics! §paper most Sere deveis 
14 were rather low therapeutic. In the other papers 
i they were more or less therapeutic in some, and I 
honestly don't remember in the 1975 paper I would 
have to go back, very few were, I don't think any- 
- where in the range for example of some of the 
18 concentrations that we will have to deal with shortly. 
19 OF As you have said of course 
20 these studies were conducted, particularly the living 
1 studies were conducted where there was no need to 
be concerned that the distribution might still be in 
* the alpha phase or anything of that sort. Because 
2 I take it during the alpha phase the relative 
24 
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concentration, tissue to serum, can be grossly 


distorted. 
A. That's’ rue 
Os They may be very similar? 
A. Exactly. One could achieve, 


given again the shapes of the curves. 

(@. Yess 

RE The basal variability in the 
steady state situation you would have to add ona 
tremendous amount of additional variability due to 
the alpha phase. 

0. One thing does interest me 
though, and that is that although three ratios, 
three ranges of ratios are expressed in each of 
these studies, or one in each of these studies, the 
upper end of that range of ratios is remarkably 
consistent from one to the other, is it not? 

RS It is reasonably so; it is 
reasonably so. 

oy: 3257 ° S05, 340..° "Ther lower 
end seems to be all over the map, it ranges from 
2.4 times tissue to serum to 84 times, but the top. 
end is reasonably consistent between the three. 

A. There are other papers where 


that range is different on the top side, and again 
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it becomes hard to know, it is interesting that these 
three studies actually end up pretty close. 

It istveryvWdatLfiicult te know, for 
example, when somebody gets a number that is much 
higher than these, whether that results from some 
error in experimental technique, or in fact that 
results from a patient who in fact has a level that 
is way outside of that range. 

Q. Does the consistency in the 
upper end of the range of ratios suggest there may 
indeed be saturation of binding sites in heart 
tissue? 


Te Tt iwi sShigl ek new hiniwehne shard 


sense. In the strictly pharmacological sense you 
can't really use the data that way, because you 
don't know what would happen if in an individual 
patient you manipulated his level up, serum level 
up, and no change - the experiment you would have to 
do would be to manipulate the patient's serum level 
up and see no change in his cardiac level, and that 
has not been done. It suggested that there may be, 
and the problem again is if we use an analogy to most 
of the drugs that we commonly use, either metabolic 
enzymes or receptor sites or whatever, can indeed 


exhibit saturation, and most of the studies are done 
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in inbred animals where most of the animals have 
the identical genetic background and they all 
Saturated at the same level. 

When those studies then are converted 
into human studies and you start looking at what is 
basically an out-bred popuplation of humans, you 
begin to see tremendous variability in saturation. 
For example, in an anti-convulscent like dilantin 
some patients will saturate their metabolic capacity 
at 10 migrograms per ml., others at 20 micrograms 
per ml., others you can go up into concentrations 
that you would never even use clinically and they 
still don't saturate. »~So there is bound, to be big 
ranges which we are used to in our clinical practice 
but even scientists who use animals are not used to 
in their practice because animals don't show anywhere 
near the variability that humans do. 

O's I take it, Doctor, the answer 
to my question is, no, you can't infer saturation. 

Pe. Yomean’ t. im sonny About 
thaé, 

ics You referred to the redistribu- 
tion of the postmortem multiplier that has been 
observed, and you suggested that may also happen 


during life in certain pathophysiological conditions. 
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In terms of postmortem? relief, levels ¥focus*on that , 
because I understand that is what has been documented 
to date. In terms of postmortem relief I take it 
that the loss of binding continues from the point of 
death and continues for some period of time as cells 
lose their ability to hold on to whatever is attached 
to them or within them. 

D6es si t* follow trom’ that,eDsetor, hat 
in terms of the postmortem multiplier effect that 
comes from loss of binding, that the closer to death 
the sample is drawn the less the unbinding that may 
have occurred at that point in time? 

A. That probably is true. Ina 
practical sense though the number of variables that 
regulate that process is so great that you end up 
swamping time effects. There seems to be at least 
from some data that I have seen accumulated from 
our pathologists a slight increasing slope with 
time post mortem. It certainly is not in the least 
predictable. If you looked at the pattern it would 
be more like a shotgun blast, points all over the 
map with a slight tendency towards increasing. That 
is again because of the variability that exists. 
There are some patients who simply don't elevate their 


levels post mortem, we don't know why that is. There 
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are some patients who elevate much, much more than 
is in the published literature, and we don't know 
why that is. 

You would have to make a list again 
very similar to all the kinds of things that we 
talked hout before that can influence binding, from 
disease state, fo ions to (genetice to age. seastcally 
you have so many variables that can't be controlled 
in a scientific experiment. Usually when we do a 
scientific experiment we alter one variable ata 
time to see what effect that variable has. 

In patients we just can't do it. We 
can't isolate those critical variables so we then 
can see when we ae from that patient to a second 
patient what the critical variables are. I wish we 
could, it is a terrible problem that we face all the 
time when not knowing all the variables we can only 
make reasonable guesses. So interms of time there 
probably is a tendency towards times, but there are 
so many other things going on that it doesn't help 
you very much. 

Oe You referred to what has been 
going on in your Pathology Department over the last 
two and a half years. I take it that it has become 


routine in the Hospital, since late March of 1981, 
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1 
2 
K10 to draw samples on autopsy of children who died on 
: the cardiology wards for digoxin assay, and those 
4 Samples are drawn at autopsy and it may be impossible, 
5 and I am sure it is impossible to catalogue all the 
6 characteristics of each child. 
7 Do I take it - well, let me ask you 
8 rather than taking it; are you aware, Dr. a6; APosrg, 
whether in those two and a half years a postmortem 
; level of 72 nanograms per millilitre has been 
oe recorded? 
11} | A. As far as I'm aware to date, 
4 no. 
13 Q. OL) 2 
14 Ts I believe the highest levels 
is we have seen is in the neighbourhood of about 36 
nanograms per ml. Again what we are going to have 
i to do to understand the 72s and 78s is to look at 
a each case clearly. 
18 Q. Yes. 
19 As Which may give us some under- 
20 standing of why we have, or maybe why we might 
1 expect to see future levels that might even be that 
a high. We will have to look at each case before we 
can really get into the critical issue of why we 
< haven't seen a 78 but we have seen a 36. 
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1 
2 
Bit Q. At least my understanding, as 
3 
of October 24th, 1983, there has not occurred in the 
4 postmortem assays conducted at the Hospital, whatever 
5 combination of events and circumstances prevailed on 
6 March’ 21st,~19231 , —touproducen.a levelsoredag 
7 A. Aetually I do. iave: <o correct 
8 myself, I am wrong, there has been one value 169. 
QO. What was that one? 
9 
Aes Which --- 
10 ‘ 
QO. That is the gutter blood? 
11 A. Yes. So there is one value of 
12 169 that has been obtained subsequently. 
13 MR SCOMT: That-is the other gutter 
14 sample. 
MR. LAMKE: : Leama Sorry? 
15 
MR: SCOTT. That is the other gutter 
16 
sample. 
17 
MR. LAMEK: Yesi- 
18 MR. SCOTT : The first gutter sample 
19 was 72. 
20 MR. LAMEK: Igsaad the-outter, study, 
1 Mra SCOEE: 
THE WITNESS: Yes. We have to at 
22 
least state we had one value produced in that range. 
23 
MR. LAMEK: Q. You're quite right. 
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A. And Isforgotethateasywe wexe 
going through. 

Oe You haven't had that combination 
of events that produce, whatever it was the 78 
in Allana Miller on March 21st, or the 69-71 in 
Cook on March 22nd, 1981. 

Ps We have not seen those levels, 
that 1s correc. 

THE COMMISSIONER: How much was this 
gutter level? 

THE WLENESS =: 169), 

MR. LAMEK: That was in Mr. Cimbura's 
data last week, Mr. Commissioner. 

THE COMMISSIONER: It passed over 
my head that's why I didn't remember it. 

THE WITNESS; PFLOrdgetett. too, . And 
it is not a good number to forget. 

MR. LAMEK: Q. One other matter 
arising and then coming to the magic hour, 
Dr. Spielberg. You referred to the capacity, the 
ability to withhold digoxin as the single most useful 
diagnostic aid that is available to you in the 
clinical context. 


a Certainly a terribly useful 


one, yes. 
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oF And as I understood you you 
were Saying the inability to do that with these 
numbers to see what effect withholding would have 
on them seriously handicaps the ability to place 
some sensible and reliable interpretation upon these 


numbers. 
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A. If we could have done that. 
Or Yes, 
A. Which obviously wasn't 


possible, it would have helped, certainly. 
Q. Clearly however you could 
not have done it with Justin Cook, could you, or with 


Jordan Hines or with Stephanie Lombardo? 


Rs No, exactly. 

On Or with Jessie Belanger? 
iNge Exactly. 

QO. You can't withhold what is 


never supposed to have been administered? 

A. Precisely..Or if you find 
somebody with a level, for example, who received an 
inadvertent dose of digoxin. 

a8 Yes. 

A. You know what the circum- 
stances are and you can in fact document then as the 
blood level comes down whether there are symptoms. 

O. Yes. 

aie Example: a child came in 
with digoxin injestion from his grandmother's digoxin, 
had a steady state serum concentration of 14 nanograms 


per ml. 


Oe Yes. 
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A. He had a little bit of 
vomiting and a slight bradycardia. As his level 
came down at 7 nanograms per ml he was entirely 
asymptomatic. So, under those circumstances, number 
one, we knew that he had taken his grandmother's 
pills, number two, we could very reasonably assume 
that his nausea and vomiting and slowing of heart 
rate at 14 was due to digoxin but strikingly at 7 
nanograms per ml, which is an incredibly high level, 
he was asymptomatic. 

Q. Yes. 

re But here we have a good 
correlation between an event, a level and now 
clearly as you say there is no way that that could 
have been done in the circumstances of the children 
that we are talking about. 

Os Sures 

Mr. Commissioner, I am about to 
go.,onctoepsomething eisé/sisathisetherright time to 
break for lunch? 

THE COMMISSIONER: Yes, until 2:30 
then. 

MR. LAMEK: Thank you. 


--- luncheon recess. 
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--—= On Pesuming Stuzes0Gpeme: 

THE ‘COMMISSIONER: Yes,’ Mr.’ Lamek. 

MR. LAMEK: OF D¥.. SpLeiberg, 
there is one other area that I wanted to touch on 
before we get to the individual children. | 

In the summer of 1982 Dr.- Bain 
who was formerly Chief of Pediatrics at The Hospital 
for Sick Children conducted a review of the children 
who had died on or in association with the cardiology 
wards in the Hospital between July 1980 and March 


1981. You are aware Of “thateoteounse 2 


A. Ves 
Os Now, Appendix 2 to Dr. 
Bain's report -- that, Mr. Commissioner, is Exhibit 48. 


I don't know whether there is a spare copy for the 
witness. 

Appendix 2 is entitled "Summary of 
Clinical Pharmacology Review of Patient Records and 
Transcripts at the Preliminary Hearing". 

Ae Yes. 

QO. Now, Dr. Spielberg, were you 
one of the participants in that review? 

A. Yes. As I indicated at iia 
outset this resulted from an initial series of 


meetings in the Research Institute where my division 
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was asked if we could do a rather quick review of 
what was known, what wasn't known of several of the 


charts and also at that time to suggest areas that 


might need further examination for the future. 

Or And I take it that you were 
one of the authors?of the summary? 

AY Yes, that's true. 

©. Without being unduly modest, 
Dr. Spielberg, to what extent were you the author of 
this summary? 

A. Looking back at: this 
specifically, I probably wrote a fair amount of it 
with input from the remainder of the division. We 
met several times as a group, fellows, kicked around 
various possible ideas and issues. I wrote one 
complete summary and I'm not actually sure if Dr. 
Bain included my final summary or it is slightly 
edited. But basically it would be taken from what 
I had written. 

Os AE FA GHnt. Well, I have 
a few questions about it and perhaps you can help me. 

A. Surely. 

a In the first paragraph you 
set out the background of this matter and note that 


the group: 
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"We have reviewed the charts on 
Babies Cook, Estrella, Pacsai, 
Miller and Inwood and the pharma- 
cology and toxicology data presented 
in theitranseripts. .i" 

That is the transcripts of the 
preliminary hearing? 

As Yess 

Os ",..eand the testimony of 

those three named people and other 

pertinent parts of the transcript." 

And then you go on under (1): 

"Assuming that the digoxin blood 

or serum levels obtained either 

during resuscitation or post mortem 

on Babies Cook, Estrella, Pacsai, 

Miller and Inwood are correct, there 

are several possible explanations 

for how such levels may have 

eceurred." 

And I pause only to say this. Is 
it now your understanding, Dr. Spielberg, that at 
least so far as PacSai was concerned there was a 


sample obtained before any resuscitation efforts were 


undertaken? 
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1 
2 Rs Yes. 
3 Qy Yes. Now, you observed 
4 that Dr. Hastreiter and Mr. Cimbura both concluded: 
f "The amount of digoxin which had 
to be administered to achieve the 
: blood levels found in several of 
; the infants had to be many vials of 
8 adult strength digoxin or ten times 
9 aS many vials of pediatric strength 
10 digoxinsl 
7 And there was of course evidence, 
‘ particularly» from, Dr. Hastreiter; torthat effect 
at the preliminary inquiry? 
13 
As Y@Ss 
as a. I am interested in the 
15 last sentence of the paragraph: 
16 "The calculations appear to be 
17 based on a steady state volume of 
18 distribution of the drug in the 
range of 10 litres per kilogram." 
- Now, you have told us this morning 
= about steady state and so on. Can you tell me, in 
a} linght of the levels that we are talking about and | 
22 recognizing that in Inwood at least the recorded 
23 level was 491 nanograms per millilitre, is it 
24 
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rational to assume that those recorded levels represent 
steady state levels? 

A. We will have to go through 
in each of the patients because there again may be 
differences amongst the patients. It becomes some- 
what unlikely, given some of the things that we will 
have to go through, we have major concerns in fact 
and one of the impetus is I suppose behind looking 
into the pharmacology was our basic concern that 
if in fact all the calculations had been based on 
steady state then in fact there might be alternate 
ways to explain the levels; the first and most 
direct being pharmacokinetic, in other words, they 
were not steady state concentrations. 

Os And indeed, fairly, did 
it not appear to you likely, perhaps with the 
exception of Inwood, that the levels recorded probably 
were not steady state levels? 

BS Our initial approach was 
to make no assumptions whether they were or not. 

On Yes. 

A. But rather based on 
hypotheses everywhere from steady state to immediate 
administration, what the pharmacologic constraints 


were. 
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Spielberg 
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Yes. 


Given that we had no other 


way of corroborating, or no other corroborative 


evidence of timing. 


Q. 


Okay. My question I said, 


with the exception of Inwood, of course, I should 


have said particularly with Inwood. 


A. 

Q. 

A‘ 

QO. 
second page of Appendix 2 

Ae 

Q. 
Cc ome 

A. 


QO. 


Yes. 

They were not steady state? 
Yes. 

On page numbered 39, the 
Mes. 


== in paragraph lettered 


Yes. 


-- it is said: 


"Based on the review of the case 


records, analytical data on digexin, 


weight of the patients and the 


pharmacokinetic literature, several 


alternate explanations in addition 


to Dr. Hastreiter's exist for the 


blood levels which were found." 


Dr. Hastreiter's explanation, as I 


recall it, and tell me if our recollections coincide, 


(pac sa 15 ae ie 


cis . 3 eet i. 8) 


ey —? tl an Ve , i - ; 
an [Ne btwsdn: & nud" IGS) ‘apt VROMRAE. Toho btashx 
yi a 

w= ip ne os ie “sth idaw Yeo! 


7 


ba) i? i ix Ge uF 5 ie mY ( “A : 
b Reker Mikete don stow y: ai 0) 
ha ; | eo 7A Y 
; aris «ht bwkoraara Peay) th 0) 
’ a = vaca” 42 Werette fi c . 
; y, ‘s, ; veor wf 
me ‘hatetrel Agenenteg, fit ten «GO 
% 
A ' ‘ 
yor ear A 


Ce ee 
N Pa WE a 
—_ - 
=i 7 
> fp igeey ) Ae : 


_ bine St Rirem, 


AA7 


2100 
ANGUS, STONEHOUSE & CO, LTD. Spielberg 
TORONTO, ONTARIO Gia. Ox (Lamek) 


Doctor, was that massive overdose of the order of 
many, many vials of this preparation had caused the 
deaths of these children? 

A. Yes. What we were seeking 
were potential alternate explanations for how such 
occurred Or Could save occured). 

ie And the first one that you 
Sell outer 

"All blood levels obtained can be 

explained by administration of a 

Single vial of, digoxin. «Fer most 

infants a Single vial of adult 

strength 2s 0.5) ma laorams Bias 
before death by intravenous bolus." 

I know you said something to that 
effect this morning and I want to be sure, does that 
include the Inwood level of 491 nanograms? 

ye I believe it does. We are 
going to have to, and unfortunately as I explained 
to you, since my testimony, the announcement of my 
testimony was rather recent, I haven't had the chance 


to go back and redo all the calculations. 


QO. Yes. 
Biv As we approach that speci- 
fic baby we can go back and recalculate it. I believ 
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1 
AA8 2 that it does but I would want to be absolutely sure 
3 when we arrive at that baby. 
4 OF Fine, 
5 A. Her weight, et cetera, that 
we go back and redo the calculations. 
: QO. And I recognize that conse- 
: quently on that page vou say the’data do not vnermit 
8 exact timing of administration. | 
9 AG yes. 
10 Os But implicit am the 
1 proposition under (i) is that you do have some feel 
val for the period prior to death, that is, a dose of 
the magnitude that you posit may have been administered 
i inorder to’ produce-those levels. You say, "...shortly 
- before death by intravenous bolus". 
15 Can you give me any idea of the 
16 kind of interval you had in mind? 
17 A. By shortly in the broadest 
18 sense, and again we will have to look case by case, 
15 There are several possible times. One would be 
shortly prior to arrest and conceivably even after 
arrest, during a resuscitation process. 
at OF Right. 
22 A. The shortest period of time 
23 then I suppose would be indeed during a resuscitation 
24 
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process after the baby had arrested and then when 
we are talking about how much before circulation has 
ceased, then we have to deal with basically our 
kinetic curve and try in each instance to model back 
in a reasonable sense how far we can talk about it, 
and it isgoingutowery with each child. 

Oz Sure. Now, if you are 
talking about administration prior to arrest, does 


that contemplate that the administration may have 


caused the arrest? 


A. Bemight onc«ankohtaunot: 
Or; Ye sis 
A. In,other ‘words, if under 


certain circumstances the blood level were extremely 
high and yet distribution: Badenotbueccurred into 
tissues to cause the direct toxicity, then one might 
not expect that to be the case. 

QO. Understood. 

A. On the other hand, if some 
distribution had occurred into tissues, indeed, it. 
may have been the direct cause of the arrest. 

Q. Fair enough. Equally 
though may I take it that in the event that admini- 
stration occurred after arrest it could not have 


caused the arrest? 
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A. Yes. 
Q. Although it may have contri- 


buted to the death? 

Ax Yes.ehin that, for example, 
if the administration occurred during a resuscitation 
effort and tissue entry had occurred, it might have 
made the resuscitation less successful, or at least 
decreased the possibility of the resuscitation having 
been successful. 

QO. Now you said a moment ago 
that it may have occurred prior to the arrest or, 
and I think I remember your word exactly, conceivably 
after arrest and during resuscitation. 

As Yes« 

re Does your use of the word 
"conceivably" suggest a lower order of possibility 
for post arrest administration in your mind? 

A. Again, we are going to have 
to go case by case. I can't really distinguish 
between those two possibilities in any strong 


suggestion; you know. 


Q. Yes. 
A. In any strong magnitude one 
way or the other. It depends to a certain extent 


I suppose on the mechanism by which, if a dose was 
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dr.ex. (Lamek) 


-administered, how it was administered. 


Q. All Yighe. 

A. And we will have to again 
really go by case in terms of that. 

Q. Yes. Let me understand 
something about the mechanics of what is happening 
in the body in the period from arrest to avenndal 
declaration of death. 

I think I have understood you to 
say, Dr. Spielberg, that digoxin in the serum before 
it has yet reached the tissues is not pharmacologically 
active. That is not what is going to do the damage 


in terms of" toxicity. 


‘ae This is our basic pre- 
sumption. 

QO. Yes. 

A. Yes. 

ae And therefore can I think 


of the circulatory system as the transport system? 


THE COMMISSIONER: Excuse me, 


basic what? 


THE WITNESS: Assumption that 
digoxin not at a receptor is not going to have any 


pharmacologic activity. 


THE COMMISSIONER: Thatstta 
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1 
AA12 2 reasonable assumption, isn't it? Have you any 
2 doubt about it? 
4 THE WITNESS: I suppose that the 
: only caveat one would put in, and I think it is not 
a major one, is that if some of the effects are 
/ mediated via the central nervous system rather than 
i binding to the heart we don't know really almost any- 
8 thing about those central effects. However, we are 
9 dealing primarily with events at the level of the 
10 myocardium or the cardiac tissue per se and certainly 
11 those events are going to be mediated by receptor 
s binding and high levels in the serum are not going 
to be reflected by toxicity unless there is digoxin 
occupying receptors. 
14 THE COMMISSIONER: Yes, all right. 
15 Go ahead. 
16 MR. LAMEK: I have forgotten my 
17 | question. 
18 THE COMMISSIONER: Well, the 
question was what led up to it when I interfered. 
a MR. LAMEK: Ah, yes, I have it. 
2 THE COMMISSIONER: The serum will 
a do no harm. 
2 THE WITNESS: I mean, for all 
23 practical purposes I think that it is our best working 
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hypothesis that we have got at this juncture. 

MR. LAMEK: QO. “Okey < Operating 
on that hypothesis, may we then or may I then 
properly treat the circulatory system as a transport 
system? 

A. Fairly reasonably, sure. 

©: Okay. Now, what happens 
to that transport system at the moment of cardiac 
arrest? Does the transport system grind to a halt? 

A. It depends on the arrest. 

Os All right. Give me the 
range of possibilities. 

A. Now, for example, if one 
achieves asystole. 

OF Tes. 

A. Which means no heartbeat 
whatsoever, then there is going to be little if any 
blood circulating. If the phenomenon that leads to 
the arrest is basically bradycardia, or slowed heart 
Nagshiele’ 

Ole Yes. 

A. -- then blood is still 
circulating but it.is circulating at a slower rate, 
but circulation is still occurring. Similarly with 


a number of ventricular arrhythmias, if a patient 
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develops a rapid ventricular rate, efficiency is not 
at all as:igood but there is still blood circulating. 

THE COMMISSIONER: Before you go 
on. 

THE WLINESS: “Vest 

THE COMMISSIONER: Doesn't an 
arrest mean what it sounds like? Doesn't it mean 
stopping? 

THE WITNESS: No. 

THE COMMISSIONER: It doesn't? 

THE WITNESS: Not really. 

THE COMMISSTONER: We have heard 
these terms bradycardia and tachycardia and ventri- 
cular fibrillation but I had always thought that 
cardiac arrest means the stopping of the heart. 

THE WITNESS:,, Well, only: ina 
generally loose sense at the time that intervention 
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If a heart rate is slowing 
progressively in fact an arrest team may be called, 
a +2.) Cau. 

THE COMMISSIONER: Yes, I know about 
arrest teams, but I am talking’ about’ Cardivac"arrests. 
When somebody uses the term "cardiac arrest", they 
do not mean cardiac arrest I take it? 

THE WITNESS: They do not necessarily 
mean asystole. They do not necessarily mean no 
heart beat at all.© In fact) the®rhythm at the 
"arrest" as found by the arrest team may be one of 
a number of different potential arrhythmias, most of 
which are usually severe enough so that certainly 
circulation is markedly impaired and it may vary, of 
of course. So° that, you" do* notphavesto have no heart 
beat to require resuscitation. You can have 
ventricular fibrillation, under which circumstances 
profusion of tissues is extremely poor, very little 
blood is circulating, some is, and yet under those 
circumstances, one would consider the patient to 
have had "an arrest”. 

MR. LAMEK: Q. Perhaps I can express 
it in this way, and I am not sure how far I can 
push this, whatever it is, a simile or whatever the 
other one is. In the case of a true arrest strictly 


so-called where there is asystole then) I\ take it 
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1 
2 Our Circulatory transport system stops? 
3 Ay It would presumably not 
4 be working. 
5 Or Yes, and therefore, not 
carrying digoxin which is presently on it to 
: tissues? 
7 A. Right. 
8 Q. In the case of a situation 
9 which is considered to be so serious as to 
10 justify the calling of a Code 25 and the undertaking 
i of a resuscitation effort, even though asystole 
5 has not yet been reached, then either because of 
: some ventricular arrhythmia or dysrhythmia or 
z extreme bradycardia, the transport system may still 
At be travelling but not very fast and not very 
15 effectively; is that fair? 
16 A. Presumably at the moment 
17 the team arrives, yes. 
18 (Oh Now, 2£il understand trt; 
the object of the exercise, the primary object of 

* the exercise in resuscitation is to get normal 
rhythm going again? 
21 A. But the initial effort is 
22 to provide oxygen to tissues and that --- 
23 Or To get the circulation 
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TORONTO, ONTARIO Spielberg, at.eax. 774 Kel le 0) 
(Lamek ) 
moving? 
Pi: Yes, which is usually No. 


1, to provide oxygen and ventilation to the lungs, 
and No. 2, until you have established normal heart 
rate or normal heart rhythm, to manually pump the 
heart to deliver blood to the tissues. 

On Keep the blood moving 
around delivering oxygen to the tissues? 

A. Exactly. 

OF But 1 Cake a cide, coo nme 
a less than perfect way of continuing circulation. 

It continues but not --- 

A. Wot ideal’ but 2m fact to 
maintain tissue viability and profusion and certainly 
patients -- for example, the brain is usually the 
organ most sensitive to loss of nutrient and oxygen 
and certainly doing manual CPR or cardiopulmonary 
resuscitation can maintain viability of that organ 
for a period of time. 

ye Obviously the point to which 
am fumbling and labouring my way, Dr. Spielberg, is 
this: is it reasonable to say that during resuscitati 
efforts, the functioning of the transport system, 
circulation, is not as effective and efficient as _ 
it is in the normal child pre-arrest? 


a In a general sense I would 
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TORONTO, ONTARIO Spielberg, dr.ex. 
(Lamek ) 
1 
2 Say that has to be the case, except if during a 
3 resuscitation the child re-establishes heart rate 
: and then loses it again. 
oF Of Ouse. es. 
: A. And during CPR you have a 
° reasonable tissue profusion. I cannot give you 
7 accurate numbers in terms of percentage profusion certdinly. 
8 O2 All right... .Now, let us 
9 take the point either at the initial arrest or 
10 upon the inability to restore proper heart beat, 
o death is pronounced. At either of those points you 
ree got a close down of our circulatory system? 
2 
A. Right. 
13 Op And at that point we do 
14 not have any further delivery of digoxin or any- 
15 thing else in the blood to organs and tissues. 
16 At what point thereafter might one 
7 expect to see the unbinding begin to occur? 
A. No one has any idea, sadly. 
. There are no data to address it, no data whatsoever. 
Os We cannot tell; we have no 
a idea? 
21 A. We really cannot. 
22 O. It could be immediately, 
23| there could be an interval of time? 
24 
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A. And my guess would be that 
it would be so variable that no unbinding would occur 
for hours post mortem in some patients, and perhaps 
earlier on in others. Basically, again, the number 
of variables occurring at the time really do not 
allow one to say much. 

The flip side is again when we are 
talking about unbinding, we are not talking about 
100 per cent release,we are talking about two, three, 
five, ten per cent release with 90 per cent bound, 
and under those circumstances I think one would be 
very foolish to try to predict what kinds of time 
courses or what kinds of release or what kinds of 
ability to bind would go on during that interval. We 
just dotnot haveethe data. 

Os Aditraght;..  Ihunderstand. 

I take it, though, that one of the ways by which a 
drug like digoxin could very effectively and 
efficiently be carried to the heart during resuscitati 
is if it were inadvertently administered by intra- 


cardiac injection? 


Ass Yes. 
Or That is one possibility? 
A’ And many drugs are 


administered in an urgent situation via cardiac 
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injection. Perhaps many less now than back in the 
time we are talking about in that we now have a good 
deal of literature on the use of medication such as 
epinephrine Or atropine, given the endotracheal 
tube where it can be literally pushed down into the 
lung where it is absorbed very, very rapidly and the 
pulmonary circular bringing it immediately to the 
heart. So that one certainly could achieve very 

high concentrations within cardiac blood if it was 
given intracardiac,recognizing that the practice 
probably was more common in the past than it is now. 
But it certainly happens now as well. 

Oe And indeed, that led, did 
it not, to your point under (iii)on this same 1 page 
where it is suggested: 

"...several different hypotheses 

have to be considered in interpretin 

the blood levels in terms of amount, 

timing, and intent. It would seem 
unlikely that administration of 
multiple vials by accident could 
occur. If, however, a Single vial 
can account for the levels achieved, 
then either accidental or intentiona 


overdose is a possibility. Vials 


mH iM i KDIO i: ne 
ent wh dee Ptkes is Ss boat actus 
Oa, oo en ene ’ a sh ve eeille ene! 


0: to aainnied) ‘ta, case Na sno fir: 


A Seth oe ie ka 2 ae 
j A : y . ; ae iy aie r £ ‘7 a7 . OB wee Sri 
aie Ss, ry | 
ois at ; 
P 


en ay on te 
: Ds nee oe i 
gine a 


ering 


ANGUS, STONEHOUSE & CO. LTD. 


ee ae Spielberg, dr.ex. 2114 
(Lamek ) 
1 
2 "of digoxin resemble vials of many 
3 different emergency medicines, and 
4 there is ample literature on 
5 confusion ofampoules of different 
drugs in a variety of clinical 
: circumstances." 
: Do I take it that one of the circumstances: which 
8 you are perhaps suggesting in the course of making 
9 that observation was the circumstance of a 
10 resuscitation effort? 
11 A. Conceivably, or pre- 
2 resuscitation changes in the patient which would 
have led to a lot of activity attempting to prevent 
a an arrest from occurring. 
os One You then go on to observe 
15 that the blood and tissue levels of digoxin by 
16 themselves are not likely to be helpful in pointing 
17 in one direction rather than the other, and that 
18 there are several significant methodologic problems 
i in determination of digoxin content of postmortem 
samples and so on, and as I am sure you know, Mr. 
Cimbura agrees with that. 
an Now, on the next page, perhaps we 
ee should -- you are pointing out the many variables 
23 at the bottom of the preceding page which make 
24 
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ZnS 
interpretation difficult? 

1 We have subsequently learned 
that there are many more than we were then naive to. 

Q. But there are no fewer now 
than there were then? 

A. Yes. 

i. At the top of the next 
page, one of them is one you point out: 

"(2) analytical Problems: radio- 
immunoassay versus high performance 
liquid chromatography..." 

Let us pause there for a moment. Why RIA versus 
HPLC? 

A. It was not meant as one 
in contrary distinction to another. The issue that 
we were addressing with respect to that is an issue 
that in one of the figures that I handed out was 
actually carried out. That is measuring specific 
digoxin, which means in this situation doing an 
initial extraction, usually with an organic solvent, 
taking digoxin out of the aqueous or serum phase 

into the organic phase, drying it down, passing it 
through a high pressure liquid chromatogram to 
separate it from other compounds and then doing an 


RIA as opposed to doing, the radioimmunoassay .on whole 


serum. 
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TORONTO, ONTARIO Spielberg, Greeex. aS 
(Lamek ) 
Ow I take it you regard the 


former as more desirable than the latter? 


A. Well, it depends what you 
are ,lookings fore 

Ot If you are looking for 
digoxing 

A. But you are not -- it depends 
what you are looking for. Let me say what that means. 


If you are trying to measure 
digoxin,,,pure+digoxin ,»ttothabais-vyouregoal inemind; 
then having a reasonably purified sample is a useful 
goal. 

If you are trying to extrapolate 
from a serum sample how much drug may have been given, 
then pure digoxin determination may not be your goal. 
For example, let us say a patient is metabolizing a 
significant fraction of the digoxin to compounds which 
interact more with an RIA, for example, digitoxigenin 
and some other metabolitessgive you more RIA positive 
material while other metabolites give you less. 


If you want to say something 


quantitatively or try to, in any case, a back extra- 
polating to a dose of the drug given, then you would 
want to know something about not only digoxin but 


about all the other substances present. So that again 
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TORONTO. ONTARIO Spielberg, dr.ex. 2 
(Lamek ) : 


depending on your goal, different techniques have 
different applications. 

If you want to know about active 
cardiac glycoside, you then want to measure digoxin 
and active metabolites. If you want to know about the 
whole story, you want to measure digoxin and all 
metabolites. If you want to know about digoxin only 
but not to back extrapolate to doses or anything else, 
you want to measure pure digoxin and then you can say 
what contribution the pure digoxin makes to the over- 
all picture. It"is not meant to be confusing but it 
is an important point. 

ae NO, ,.20Ounoet think Lt LS 
confusing, Dr. Spielberg, but do I take it, being a 
bloke who likes to get two for one if he can, that 
it may be that for multi-purpose enquiries, perhaps 
the happiest solution would be to do the RIA, measurin 
digoxin and metabolites all, then do an HPLC and then 
do the testing from the extracted sample? 

A. An ideal profiling would 
include that plus mass spectroscopy and identification 
of all the metabolites and taking into account the 
extrapability of each of the metabolites. 

For instance, when you extract the 


serum, you are going to take some of the digoxin, 
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you are going to take some of the less polar or less 
water soluble metabolites into the organic phase, and 
again,” "one has” to be very, very Cautrous. << Enznk 
the older literature may be misleading to the extent 
that it used to be said that only about 15 per cent 
of digoxin is metabolized in a patient. Some of the 
newer literature is suggesting in fact with a great 
deal of biologic variability, as we would expect from 
any drug, that in fact a much larger percentage may 
be metabolized in some patients, and in those patients 
particularly if you wanted to get the whole profile 
as you suggest you would have to measure total "pure" 
digoxin, and if you wanted to get an idea further 
about the activity of the serum, you might want to 
do one additional thing which would be to examine 
the effect of the serum on where digoxin works. FOr 
eixample, you could take the serum and put it on red 
blood cells and ask how much interference with . the 
sodium ATP ase occurs. That will be done with 
rubidium uptake studies, and in fact, the most 
recent literature suggests that if you couple + ypidgiyu 
studies together with blood level studies together 
with metabolite studies in living patients, it gives 
you a much more accurate picture of whether or not 


thatpatient is digoxin toxic. 
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So that will be the ideal. That 
is a little beyond the scope of this present 
investigation, but that would be a not even yet the 
state-of-the-art, ideal but close fo 12. 
O I am interested in the 
way you end your paragraph immediately prior to the 
recommendation section, Dr. Spielberg. You say: 
"Given the difficulties in 
interpreting levels even if analytically 
correct, however, we are pessimistic 
that additional analytical 
information in the absence of furthe 
epidemiologic data will sufficiently 
aid in elucidation of the etiology 
of the problem." 
I,take it, that elucidation of the etiology. of the 
problem means provide an explanation? 
A. Help us answer the problems 
and questions that we are dealing with. 
Q. What kind of epidemiologic 
data did you have in mind when you wrote that sentence 
A. Well, again, the problem 
we were facing and the problem that perhaps we faced 
to a greater extent now because we know so much more 


two years after the fact or I suppose it has been abou 
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a year since this was written and we have learned a 
lot more about how levels can be achieved, is that 
while we can take the data so far and we will go 
through each patient and we will try to, as clearly 
as possible, say how far the data can be taken, in 
the absence of something else, some other external 
corroborating evidence, it makes it extremely difficul 
to interpret the data. The analytical part and the 
review of each patient hopefully will be able to tell 
us whether there are, as we said before, a series of 
patients similar or a series of perhaps different 
events which occurred in different patients leading 
to a Similar result. To aid in that process, then, 
one would like some sort of other information, other 
than the pharmacology, a finding of mechanisms of 
administration, of a syringe, of something else that 
allows us to then go from apples and oranges to a 


cluster of apples. 
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On Timersorzy ,WEorgivesmecayilt is 
no doubt my denseness, but I am not really sure that 
I understand the significance of "a syringe" in the 
context of epidemiologic data. 

AS What we were referring to was 
non-pharmacologic data. For example, obviously the 
finding of - and we had no hope that it would happen, 
given that it hadn't at that point, external corrobora 
tion of administration. In terms of the epidemiology 
our hope was that if we were trying to choose in 
‘some situations between, for example, administration 
prior to an arrest and administration after arrest, 
if we could get data on survival of arrests it might 
give us a clue. It wouldn't necessarily answer the 
question, it would give us an additional clue. 

For example, if we could look at the 
pattern of risks and say, gee, what really seems 
to be going on with patients not surviving arrests, 
this might point us in one direction. 

If we could get data that said, well, 
the same number of patients are surviving arrests 
but more patients are arresting, that might focus 
one in a different direction. 

If there were no change in any of those 


things, which we didn't then know, but we now know 
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2 
eCZ in terms of pathophysiology, we might then say, 
: would the pathophysiologic explanation be more 
4 reasonable. «So iteis (that kind of focus, that we,had 
5 hoped might then allow us to look at the numbers in 
6 context, aS a group. The pharmacologic issues being 
yi to define individual cases and then to see if we 
8 have a forest or a collection of individual trees. 
O2 Because the individual cases 
| in themselves may be ambiguous. 
1 A. Precisely, precisely. 
11 . Q. Byssayingekf thereaista 
12 pattern that can be discerned the ambiguity may be 
13 resolved, or you may be directed in one direction 
14 rather than the other, do I understand you? 
- A. Yes. In other words, it would 
help focus things because if we had data that 
2 generated or supported a given hypothesis, this then 
i might help us go back analytically and see if we could 
18 answer certain questions. 
19 OG; And it was in that context 
20 | that the name of the Centre for Disease Control 
aad in Atlanta came up? 
A. Yes 
22 
Q. And now one of the matters 
if which you referred to in the course of this report, 
24 
25 
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1 
2 

when I say you are a menial group, you understand 
; that, Dr. Spielberg, was the difficulty of knowing 
4 how to deal with levels recorded in exhumed tissues. 
3 There you have all the problems doubled and re- 
6 doubled in spades,if you like, would you not? 
7 Ae Yes, with so many variables 
3 that we could not conceive of a way of answering 

questions with those numbers. 
; ) Is there one question which in 
i” your opinion can be answered by those numbers, and 
11 is it this: That although one may not be able to 
12 build back to an antemortem level in children in whose 
13 exhumed tissues digoxin has been measured, one may 
14 at least say with some confidence that they did have 
i: some digoxin administered to them during life. 

A. At our present state of knowledge 
7 it is probably a reasonable assumption with the 
_ following caveat: That has been the issue of 
18 endogenous substances. 
19 a. Yes. 
20 Ay Leadon’, want »to..get: into. that 
"M in great length, I gather the hearing has heard a 
| great deal about it. 
The issue is that at this stage of 

% development the so-called natiuretic hormone, which 
24 
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people have been looking for 20 years, which this 
substance may well be, the stuff that causes 
increased sodium excretion in the face of a failing 
heart, or @’ ailing: kidney. °Tt is not arnew ‘thing; 
I mean, people have been looking hard for 20 years 
and now we may be getting there. We really don't 
yet know much about its distribution in tissue, or 
what makes it go up or what makes it go down, or 
how high it can go. Until we know that we cannot 
close the book on the possibility that some of the 
substances found might be that. 

Nor, even if we have mass spectroscopy 
data for digoxin can we completely close the book on 
that, because there may be structurally related 
compounds which have very much similar atomic 
spectrum, and until we know what compound X, and 
I hate using the term, but that is what has been 
used, until we know what its structure is and what 
its ionic constitution is and what its chemical 
structure is we can't be 100 ner cent sure that it 
might not have a spectrum very similar to digoxin. 

Now, having said that, presumably, and 
I think when we talk about patients I think we will 
have to for the moment accept the suggestion that 


if digoxin by mass spectroscopy is found in a 
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patient the likelihood is that they receive digoxin. 
We can't say anything quantitatively; we can't say 
how; we can't say why, we can say that it is likely, 
with the caveat that we may have to change that answer 
if new data comes in, and we have to always be 
preparedste doythat. ~ How probable. s that ew lecon.” t 
know, I really don't know, but for the moment I think 
we have to work under the assumption that digoxin is 
preSeniE. 

Die You say if identified by mass 
spec.; what if identified by high pressure liquid 


chromatography and RIA? 


A. It doesn't help any more. There 
are chemicals --- 

Ox It doesn't help any more than 
what? 

Avs It doesn't help - well, let's 


put it this way. The tools that we used, okay --- 

Qs Go ahead. 

Pes Okay, for determining what 
something is, okay, are either mechanical or 
organic extractions techniques, or column chromato- 
graphic techniques, like HPLC, where we are using 
the chemical structure of the compound as a tool to 


separate it from other compounds. The possibility 


entrees 1 oan 


es ud "Soi 2.. 


ager 3S 


cone Pall abe: & rent evi 7 fo ae 


2 
f 
: 


P J : 7 : ‘ H _ : % i 
a x Cae re | BAC BE LAJ ome 


SN ant ae 
Po Le) aes 


a > : 
a ae LEAS 2 
om 


CC6 


24 


25 


ANGUS, STONEHOUSE & CO. LTD. Spielberg » ariexs 2126 
TORONTO. ONTARIO ( Lamek ) 


always exists and it happens frequently, you know, 
in situations where we are dealing with standard 
drugs and such, where something else may interfere 
which could mean that it travels in the same place 
on the HPLC because it is chemically very similar, 

I mean HPLC will not separate every compound from 
every other compound, where it is sufficiently 
similar that it interacts with the RIA, or where its 
structure is sufficiently similar that it confuses 
you on mass svec. Can that be seen to happen? 
What is interesting with this new compound and this 
is data from other sources, not from the Hospital 
for Sick Children, is that this ‘substance whatever 
it is,is RIA positive and it appears that it also 
can interact with the digoxin receptor, “with the 
ATPAs. There is a study now in British medical 
journals looking at hypertensive patients who appear 
to have more of this,and in fact it will compete with 
one of the digoxinlike compounds for binding to red 
cells. So not only does the antibody to digoxin 
recognize it but the biological target recognizes it. 
That means it's awfully similar, including in its 
tertiary structure,the chemical structure of the 
substance because it will, if you will excuse the 


expression, snuggle un to the actual site on the 
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red cell as well as to the antibody, which are two 
totally different things, so it is presumably fairly 
similar: 

THE COMMISSIONER: Doctor, there may 
have been buried in that answer an answer to the 
question that was posed, but I dé@dn't get it yet. 

MR. LAMEK: Perhaps I should ask it 


again. 


THE COMMISSIONER:What I would like to kno 


is whether if you have” the RIA plus the HPLC plus 
the RIA on that eventual result, if that is likely 
to produce determination on whether or not digoxin 
wasn givenctoethetchild wmehatlseais. 

THE WITNESS: Lteisibinbiy Lakely 
with the caveat that there still may be something 
else that is handled in the same way on the RIA, 
the same way on HPLC, and the same way on mass spec. 

THE COMMISSIONER: Ablvraighnts 

THE WITNESS: That is: the only 
honest answer. 

THE COMMISSIONER: One is as good 
as the other of that determination. 

THE WITNESS: Well nam tactstor this 
particular, whatever substance it is, it is different 


than many of the artefacts we deal with because it 
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1 
2 
CC8 interacts in so many different ways very similar 
toi digoxin, 
4 MR. LAMEK: QO: On the basis of our present 
5 knowledge, Dr. Spielberg, may I have it please that 
6 a substance is identified, is described as digoxin 
~ after HPLC and RIA, the probability on the basis of 
: our present knowledge, what we know now, the prob- 
ability is that is indeed digoxin? If indeed that 
: is measured in the tissues of a child the probability 
sy is that that child was administered digoxin during 
11 ‘Pifes 
12 A. I have to accept that answer 
13 with the caveat that I may have to change my mind. 
14 Qn Well we may all have to change 
rr our tmind;oDector: 
THE COMMISSIONER: Mest 
oe MR. HUNT: In light of the evidence, 
17 Mr. Commissioner, from Mr. Cimbura re the extraction 
18 process in addition to the RIA, the HPLC and the 
19 RIA method, if my friend could pose that question 
20 as well to see what the Doctor's opinion would be 
1 if that factor was added into it. 
MR. LAMEK: Qe salethinknbecan 
py: 
probably predict. 
= A. The only real answer is, if 
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the chemical structure is extremely similar they 
will handle very, very similarly. The thing that 
is scientifically fascinating to us, you know, in 
pharmacology, is that you have got something that 
is remarkably similar in that it interacts at 
both the receptor and into the antibody and there is 
very little precedent for something like that and it 
is fascinating.. How meaningful it is I would not 
pretend to know. For the moment I think we have to 
accept your premise that the probability is that 
Lteisidigoxi nvwi thethescaveat. 

QO. T am particularly interested 
in that of course because I understand, Dr. Spielberg 
that you have reviewed the charts of five children, 
that is to’ say;7- Cook), Miter, Pacsat) -Estrella,and 
Inwood. 

A. That is -eareecnLny 
Oo: You did not however particularly 


review the charts of Jordan Hines? 


A. No. 

Q. Or of Stephanie Lombardo? 

A. No. 

Q% Or of Jessie Belanger? 

A. No; “thatyisrcorrect: 

Q. You are aware I take it that in 
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the exhumed tissues of Lombardo and Belanger, and 
in the fixed tissues of Hines, digoxin is reported 
to have been identified? 

Ay Yes. 

Dre And I take it you are also 
aware that those three children were apparently not 
prescribed digoxin during life? 

A. That is my understanding, yes, 
Satu 

ay And I take it therefore on 
the basis of what we have come to so far, one can 
probably conclude that in one way or another digoxin 
was administered to those children during life? 

Pi. Ves. i. think, you know from 
what we have led up to with the caveats put in, I 
think it indicates that in all likelihood, with some 


doubts still remaining, that the children received 


digoxin. 
Q. Yes. 
A. Some digoxin. 
©. Some digoxin, and we don't 


know, we can tell how much? 
A. No. 
C. Certainly from the exhumed 


tissue we cannot tell. 
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A. Again it is a frustration ,we 
wish we could, we truly wish we could. 

(Gp, Li suppose;? Doctor, one has to 
consider how that drug may have found its way into 
their bodies; and breaking it into broad categories 
IT take it you will agree with me either unintentionally 
or intentionally. 

A. I think that covers the two 
possibilities. 

On Well there are two others, 
one is innocently or maliciously, you can do something 
intentionally but not with malice; I intend to give 


him something because he is supposed to have it. 


Ae Thesiistiarr. 

Q. Innocently or maliciously. 
A. Thismist fairt 

Or Does it fall :within the 


possibility of innocent administration to those 
children that they received the drug accidentally in 
the way in which you suggest it might be possible in 
the course of this appendix to Dr. Bain's report; 
that is to say either shortly before or during the. 
course of resuscitation? 

A. This is conceivable if the 


medication error were made under such circumstances. 


- 


i. L im 


= 
7 7 aie 
1 pple a sep 


S 
- fos rer a 4 siuovibete 
aie VOR 


ranean vane wast Pet 3 “(oD Dero) 


9 


bit ae ican Bae Roi %¢ Fest 
r = 


} 0 


~WwhanOrot hon we vy be 


, Lchitiuiniih: WG \dae) toy 
| on a: r« 


adage: on: wemtnt C- ioeek ein Aa twodon. the a | 


owe ave ( ay foros “uc Rte BAL KrD9 


% 


= . oo \ sar ai anit wf 
+ Pay Leatroapi Listy a6 eka neGernn | 
ad? Le aan the et aly vi 


@ NOCH, a a4) 
bA Vhs onAi ie 
« 4 > 
bbe Weld dedt oo 
J Ww oinw ml Vaw re 7 
iv 
Aaai F020 . nN 
i oe 
ibe syne is. 
Bie. 20 


ANGUS, STONEHOUSE & CO. LTD. Spielberg, dr vex. 2132 
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1 
Col2 Q. Would you advance, Dr. Spielberg 
‘ aS a serious possibility, the chance of medication 
4 error in each of the three children? 
a A. ‘. think it 2s not at all unlikely, 
6 Or impossible, knowing something about what we know 
7 about medication errors in general. We don't really 
3 have very much data from the Hospital for Sick 
Children, but there is a great deal of published 
: data from other centres in the circumstances with 
es non-unit dose. Emphasizing again that now digoxin 
11 is handled in an entirely different way than it was 
12 in the past in the Hospital. 
13 @- yes. 
14 A. And in fact unit dose exists 
Fr which totally changes the picture, so we are talking 
about a system which did exist at that time which has 
si been changed, and there is ample data from other 
" centres on how likely medication error is to occur. 
18 Q. You are aware I take it, 
19 Dr. Spielberg, that one a@ther child of the group 
20 with which we are concerned also did not have digoxin 
1 prescribed for him, but it was discovered, and that 
of course is Justin= Cook. 
22 
Fue Yes. 
Zo 
24 
25 eee 
ee 


By, * 
timo evcitss es 


bet Re us6s me. Bier Ges) 


~ ad ; ¥e 


iol - 


io-tf cl AE Rigas Ji , Ae! re 


"et bediaSaccirs Sotto Mord -c: 


Te. 
a Ss : = ia 
aio (in 2 
m4 eis ne Ja66 


RCHSC 


Oct 24 
ANGUS, STONEHOUSE & CO. LTD. Spielberg, dr.ex. 2738 
TORONTO. ONTARIO (Lamek) 
BMB yC 
DD 1 
2 0. And indeed to the best of my 
3 recollection Only o4eof> the. 36) children whoisar e) under 
a review here had not had digoxin prescribed for them 
5 ever. Is that your understanding? 
A. ii really don'« knowsfor.scure 
: because again I am not familiar with the 36 cases. 
: Q. Okay: Well, 1 ask you to accept 
8 it from me. 
? A. I assume that that is the case. 
10 0. And is the suggested possibility 
11 that you are putting,*Doctor, that of four children 
12 who did not have the drug prescribed, in a hundred 
= per cent of the cases there was some medication error 
resulting in their receiving the drug? 
s A. I can't answer that without a 
15 lot oProthemainformation. )Wowyemhat, othemenformation 
16 do we really need to approach that issue? 
17 0, Well, let me tell you what we 
18 have and you tell me what more you think you need in 
19 order to answer my question. 
A. Sure. 
20 
0. Of the 36 children who died on 
7 the cardiology wards between July lst, 1980 and March 
a2 3lst, 1981, 4 had never had digoxin prescribed. In 
23 the tissues of each of them digoxin was identified, 
24 
25 
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and you have agreed with me that the probability is 
that one can say they received digoxin during life? 

A. Yes. 

0. In the absence of prescribed 
digoxin that can only innocently be medication error, 
lj itake@ere? 

A. Yes 

0. Therefore each of the four 
children who was not to receive the drug received it 


on this hypothesis by error? 


A. Nea 
0. Is that not a hundred. 'per cent? 
A. itp Le aobundred perecent.offour. 


What I don't know is of all the children on the ward, 
and I don't even know how many total children there 
were, how many might have inadvertently received a 
dose of digoxin. The problem is, okay, that we are 
dealing with - this is a rough estimate - between 
10,000 and 15,000 doses of digoxin being administered 
on a ward like’ that "in ‘acyéar.5 It is a lot of doses 
of digoxin and in order to make an intelligent 
assessment of potential errors, which happen every- 
where. I mean, the data that is published is not 


Hospital for Sick Children data, it is university 


hospitals in the States and elsewhere in Canada with 
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error rates that vary between hospital and hospital. 

In order to know whether four is a 
very high number or not a very high number, we have 
to know the characteristics of those children, we 
have to know the characteristics of the children that 
did not receive an inadvertent dose; were the 
children in fact who received an inadvertent dose, if 
that was the case, in a situation where there was 
an increased likelihood of their receiving an 
inadvertent dose, sicker, next to a Sicker child, 
et cetera, et cetera. 

It is a very, very hard thing to get 
at. From my experience in hospitals elsewhere as 
opposed to The Hospital for Sick Children, if I were 
asked that question about the other institutions I 
have been in and whether there was a reasonable 
probability that that kind of medication error 
situation might exist I would have to say it is 
reasonably probable. How reasonably and how probable 
I could not put quantifications on. 

From my experience in monitoring drug 
errors at other institutions, which was my responsi- 
bility by sitting on the Pharmacy and Therapeutics 
Committee, again at other hospitals, we have certainly 


seen runs of incorrect administration, some 
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unrecognized for weeks upon weeks, some because they 
have no consequences, and one of the issues in 
medication errors is that the vast majority of them 

do not have clinical consequences. I mean, it might 
be a switching for example from one antacid to another. 
That is an error but it doesn't have an adverse effect 
on the patient. 

Similarly, ifi'a low dose oria 
therapeutic dose of a drug like digoxin were given to 
a large number of children, for whatever reason, no 
adverse event might result and therefore no one would 
know that they had received the drug. 

We had a series of unfortunate 
instances when I was at Johns Hopkins of confusions 
between Lidocaine and 50 per cent dextrose. 

Despite recognition, actually, some 
additional errors occurred. How can we try to 
quantify this? I honestly don't know. I am not an 
epidemiologist, I don't have the qhérewithal to really 
say. But again from experience at other institutions 
would I be tremendously surprised? In honesty, no. 

0. Doctor, in the course of 
Appendix 2 to the Bain Report, you and your group 
suggested that one possible explanation for these 


numbers was accidental administration. 
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Of the five children in respect of 
whom you posited that as a possibility, only one of 
them is in the group that we are now considering. We 
are now considering three additional children, not 
included in those five. Is it your suggestion that 
the levels in the five and-the presence of digoxin 
in three additional children, that is to say, Hines, 
Belanger and Lombardo, may all be explicable on the 
basis of medication error? 

A. I think what we are going to 
have to do is look at each one individually. 

0. Well, would you answer my 
question and then perhaps you can give me an 
explanation of your answer. 

A. Yes. 

Q. Is it your suggestion that the 
five which you did address in the appendix to the 
Bain Report, plus the three whom I am now addressing 
may all be explicable either as to level or as to 
the mere existence of the drug on the basis of 
medication error? 


A. I think that has to be accepted 


as a hypothesis. I think there are better explanation 


in some of the patients than error. 


Q. Well, perhaps at the end of the 
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day we will find out how many we have to ascribe to 


error. 

Certainly I take it we have got three 
in the error category, have we not? 

A. Ves. 

Q. That is Hines, Belanger and 
Lombardo because if those aren't error then they are 
something more sinister, are they not? 

A. Or something we don 't understand, 
yes. 

0. Or something we don't understand, 
yes. 

Okay. Well, perhaps we should turn 
then to the chijddrem but 4b is 3:30) Mr, Commissioner, 

THE COMMISSIONER: All right. 

MR. LAMEK: My timing is astonishing. 

THE COMMISSIONER: We will take 15 
minutes. 

MR. LAMEK: Thank you. 
--- Short.recess 
--- Upon resuming: 

THE COMMISSIONER: Yes, Mr. Lamek. 

MR. LAMEK: @Q@< Dr. Spielberg, can we 
turn then to those children whose charts you did 


review in the late spring, early summer of 1982. 
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TORONTO, ONTARIO (Lamek) 
A. Yes. 
0. With a view to providing 


information to Dr. Bain, information that appears in 
Appendix” 2° to" nis report.” *=L? want Oso. ac tiem in 
reverse chronologic order, if I may. I understand 
you have not had an opportunity to review all of the 
charts in detail for a second time in preparation? 

A. Yess 

Q. And therefore if there is anythin 
in the course of any chart that you have not yet 
looked at and refreshed your memory about,by all means 
tell me and maybe by tomorrow you can do that. 

A. Sure. 

0. But you have at one time reviewed 
the Hospitalschart,of, Justin, Cook, -Exhibity 116, 
Mr. Commissioner. I wonder if the Registrar could 
put arcopy:in front of: Dr. Spielberg,: please. 

A. Thank you. 

0. And I may tell you first, 
Dr. Spielberg, that Dr. Rowe - Mr. Commissioner,this 
evidence is found in Volume 18 of our transcript at 
page 3250. Dr. Rowe has said in evidence before this 
Commission that Justin Cook's death was consistent 
with his clinical condition and, in particular, with 


his having suffered what Dr. Rowe called a very 
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classical, very severe blue spell from which he did 
not emerge. But also at that same page, Mr. 
Commissioner, and I tell you, Dr. Spielberg, Dr. Rowe 
did not suggest that the clinical condition or the 
blue spell was the cause of Justin Cook's death, he 
said his opinion in late March, 1980 was and indeed 
when he gave evidence here a couple of months ago 
still was that Justin Cook died as a result of an 
overdose et digoxin.” That Ws found *in partreular, 
Mr. Commissioner, at pages 3274 to '5 in Volume 18. 

He said he regarded Cook's death 
as unquestionably having been caused by digoxin 
INtoxPeativon. 

Now, Dr. Spielberg, do you as a 
clinical pharmacologist and on the basis of your 
review of this child's chart and the digoxin levels 
measured in his antemortem and postmortem blood and 
in fresh and fixed tissue, do you agree with 
Dr. Rowe's opinion? 

A, To a very great extent I do. 

I believe that there is strong evidence that this 


child indeed received a dose of digoxin. We can go 


through in a moment what the maximum or minimum amounts 


might be. 


0. Yes. 
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A. He was not prescribed digoxin 
and therefore we cannot say that the levels or 
amounts present were due to prior therapeutic use of 
the drug. The concentrations are high but we have 
to consider what high means in the context of what 
we have been talking about: this morning. The only 
place where I would diverge is that I can't be 
absolutely sure that this really caused his arrest. 
It may well have. It may have contributed, to 
difficulty with resuscitation if the dose was given 
at about the time of resuscitation efforts. So 
that there has to be a bit of a difference between 
Dr. Rowe and I in terms of being that certain that the 
digoxin caused the child's demise, or initial arrest. 

0. Alls right. .Are- wen able: co 
recall) or sto: diirect.us..to anything 4n the hast, 

Dr. Spielberg, which in your view is not consistent 
with the death having resulted from digoxin 
intoxication? 

A. I think there are several things 
that we should at least consider without again 
reviewing the entire chart. 

Q. Yes. 

A. Certainly I think, I haven't 


read Dr. Rowe's testimony, so, I don't know all the 
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details. Certainly it appears that the child did 
indeed have a cyanotic spell prior to the time of 
his final arrest. 

0 That is so. 

A. In my notes, and again not having 
reviewed the chart in months I am not precisely sure, 
in my notes it says about 1800 on the 21st during 
which time his murmur changed, which suggested that 
blood flow to the heart had changed. He became 
actuely blue, or cyanotic, and at that time he was 
given a medicine called propanolol, a beta blocking 
agent which is sometimes used in blue spells. The 
baby did not have tetralogy of Fallot but the 
hemodynamics at least to my understanding are reasonabl 
similar and propanolol would be expected to have 
benefit. And it appeared that the child improved. 
And then again we are told that about 3:30 in the 
morning of the 22nd that the child again suffered a 
severe blue spell. 

Now, could the bradycardia and the 
variety of phenomena which occurred immediately after 
that blue spell have been due either to his disease 
state or to digoxin? The answer has to be yes to 
both. Digoxin certainly could have produced some of 


these symptoms. His disease state per se also could 


pee Sad: ae y 


—— 9 akial x 
r- - 


wah 


Be OViag BLP 


P , 
oi ad ry tart 


ment yrriiod 22! 


Op. ta 5 


acai 


¥ 
. 1 


ay Broan 


(3) 


24 


25 


ANGUS. STONEHOUSE & CO, LTD. Spielberg, dr.ex. vey &: 
TORONTO, ONTARIO (Lamek ) 


have produced very, very similar symptoms. So that 
if I were asked in the complete absence of any 
information whatsoever about digoxin levels to iook 
at this, I would say, yes, all of this appears to be 
quite consistent with the patient's clinical course, 
what we know about his heart disease, the seizure 
which occurred which may or may not have been hypoxic 
as a result of the tremendous decrease in oxygen 
concentration. 

Beyond that on purely clinical grounds, 
in the absence of any pharmacologic data, looking at 
the case I would say, yes, this appears to be 
entirely consistent with his course. However, we have 
digoxin data and we cannot ignore the digoxin data. 

It would be foolish to even consider such ignoring. 
The question then is, how did digoxin get to this 
infant and what kinds of amounts of digoxin might 
we be talking about in reasonable sense? 


0. Doctor, just before we address 


that and it is important that we do. 


A. Yes. 
Q. I may have missed the answer to 
my question what you have just said. I think my 


guestion was, is there anything in this chart which 


is inconsistent with digoxin intoxication having 
caused the death? 


he 


Subo tT; 


my ai bodter Ste 2b «2 % 
: ia see \ ‘R 

45 

Avec alt dee 

aT F " 
A, 

auiy 2 fea 
‘ 

£ 
' 
eat tat by GH) : te 


aga etal y2ON ovXs ce 


wil gdaues egit’ it iW 


ane en 


Ds it au pitied YoORnnBo 


pibation jic 4: OF Ne { 1 ; et 


ribs Bil Wi Cea 24 


ANGUS, STONEHOUSE & CO. LTD. Spielberg, drex. 2144 
TORONTO, ONTARIO (Lamek) 


A. There’ is nothing Wn) any chart 
that is ever inconsistent with that conceivable 
possability.emin’ this situation); knowlmge that argoxin 
is present. 

0. Yes. 

A. We have to very strongly 
considerniakl a¥possibility of digoxin. 

0. I'm sorry. Now, you were going 
on to consider how and to what eene he might have 
received digoxin? 

A. Okay. 

THE COMMISSIONER: I am sorry, you 
said there is nothing in any chart that is 
inconsistent. You mean in any death in all history 
that has taken place? 

THE WITNESS: Oh, no, for most - many ~ 
let me modify that, certainly that was perhaps a 
little hyperbolic. Many patients dying of heart 
disease, the course of their deaths from heart 
disease are often and almost invariably indistinguish- 
able from many of the same things that digoxin would 
do. So that purely on clinical grounds with no other 
corroborative evidence it becomes I think impossible 
for at least me as a clinical pharmacologist,and you 


would have to ask cardiologists as well, to say, no, 
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DD.13 


2 digoxin Could mot have contributed to this dearr. 
3 In fact, under these circumstances with this baby, 
4 we have to cope with the fact that he has digoxin 
on board. 

0. Yes. 


A. And there is no way around that, 


we must deal with that. 


Q. ALL rigre: 
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Now, what are the maximum and minimum 
amounts that explain the blood levels and then we 
have to take into account the tissue levels as well, 
because in this situation as opposed to the other 
Situations, we have to deal not only with the blood 
level, which the blood level unfortunately is after arrest, 
we do not have any pre-arrest levels as such, but 
we do have some fresh tissue, and this is the only 


infant in whom we have fresh tissue. So we. have to 


deal with the fact that there is some information 
available on how that might be interpreted. 

All right, let us deal first with the 
blood levels, and do you want me to go through 
calculations or just give you numbers? It is 
basically the same kind of calculations we did this 
morning, which is the maximum and minimum amounts 
which would have to be administered to produce a 
level of, say, 78 or whatever number we are going to 
take. We will arbitrarily use 78. There are some 
differences among the different samples, but we will 
accept 78 as the number. 

Os All right, why do you not 
give us the maximum and minimum, and if we are so 


shocked by either of them that we need some explana- 


tion we will seek it from you. 
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Fe Fine. The minimum, again, 


assuming’, administration at the time all circulation 
ceased, which I do not think is a good possibility 
in this situation for reasons we will get into, but 
we have to state the minimum, would be about 15 
micrograms of digoxin. This is again a fraction of 


a 
one pediatric vial, about a third of a pediatric vial. 


which is -that%little knee in the graph that. we 
looked at before, which would happen, say, minutes 
after administration, we are talking about amounts 


ranging about 380 micrograms. Now, this is less than 


one “-adulteviahatbat: doimot get me wrong... This 1s a 


‘tremendous amount of digoxin for a child this size. 


QO: Sorry, what was the amount 
again? 

a. 387 micrograms of digoxin. 

THE COMMISSIONER: What is that 
figure? 

THE WITNESS: This would be the 


figure which would occur several minutes after 
administration, assuming that the drug has now left 
serum and entered this space which we really cannot 


define anatomically, the central volume of distribu- 


tip, 
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THE COMMISSIONER: Lam sorts, L.do 
not understand. You say the minimum that could 
have been injected into this child was 15 micrograms, 
which is one-third --- 

THE WITNESS: That would be the 
minimum that could produce a level of 78 nanograms 
per ml. 

THE COMMISSIONER: Yes ea LIvrLone: 
What is the 387? 

THE WITNESS: 387 would be -- let 
me draw it again. 

THE COMMISSIONER: No, just tell me 
whatwa tt is;ethateLler alee 

THE WITNESS: Oray, What 1 is.is 
the knee in that curve, the central volume of 
distribution, the amount of digoxin necessary to 
produce a level of 78 nanograms per ml several 
minutes after administration when the drug has left 
serum and has entered that central volume. Now it 
has to» distribute with.ai half life of 30 minutes 
down that curve down to the steady state. 

THE COMMISSIONER: I thought the 
question was what was the minimum and what was the 
maximum; was that not the question? 


THE WITNESS: The i8sue is that we 
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are going to have to discuss each of -- we are going 
to have to discuss really three to make it intelligent 
and to make it pharmacologically valid. 

THE COMMISSIONER: Yes el “ra ona 

THE WITNESS: The final volume of 
distribution, then, at 15 litres per kilogram and 
now we are talking at least two and a half hours 
after administration, perhaps more, as we discussed, 
would be 5.8 milligrams, and in ampules here we 
are talking perhaps 12 adult ampules and perhaps 
again, you know, the 120 pediatric ampule example. 

THE COMMISSONER: Well, you are not 
making it any easier for me, and I suppose if you 
have to draw it, you have to draw it. I just was 
hoping that we could get a quick answer to a simple 
problem. 

First of all, you can explain afterwards 
but the first question was what is the minimum dosage? 

THE WITNESS: The minimum is 15 
micrograms; the maximum is 5.8 milligrams. 

THE COMMISSIONER: All right, thank youl 

MR. LAMEK: Q. And the first of those, 
the minimum, Dr. Spielberg, is on the basis of 
administration at the moment when circulation ceased. 


AN Presumably at a time when no 
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distribution occurs. 


0. And what would be an equivalent 
ofvarthirdto£ taGpediatriciviak? 

As Right. 

On The other presupposes steady 
state distribution and is the equivalent of 12 adult 
ampules and 120 of the pediatric ones? 

A. Exactly, and the most likely 
hypothesis is the aforestated in between value 
which we have to get back to. 

Now, the trouble with the 15 microgram 
theory is that we have appreciable quantities of 
digoxinwinetissue.. Therefore, “wei "cannot, in good 
conscience, accept that as a reasonable amount of 
digoxin to have been administered because, in fact, 
we do have evidence of digoxin within tissues. So 
the anount clearly has to be more than that. 

On You are thinking in particular, 
I take it, of the 1177 nanograms per gram measured 
in) the heart? 

A. Yes. Now, we have, and again, 
we cannot really deal with the fixed tissues because 
the fixed tissues in this situation are terrible 
representation of the fresh tissues, so that we 


really just do not know what to make of it. But we 
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do have some fresh data, and again, assuming that 
the 1100 in the heart is correct, and assuming that 
the concentration in liver, and I am sorry I do not 


have --- 


Of The other was in lung, 


Dr. Spielberg, fresh lung 153. 

AG Yes, okay. Those concentrations 
are reasonably sizeable concentrations of digoxin 
and,as such, I think it is implausible to accept 
that minimum amount. 

0). Because, I take it, the blood 
must have remained in circulation long enough after 
the dose to transport that amount of digoxin to 


those organs? 


A. This would seem reasonable. 
So that the very minimum amount, I think, becomes 
very, very much less likely. 

Now, what about the maximum amount? 
This is the 12 ampules and the 120 ampules. I 
think ‘this, ‘too,'in this baby is extremely unlikely. 
Let us first look at the clinical circumstances of 
thisevghilidrvitihisocknld haga vclinical)beart disease 
that would be made potentially worse by digoxin. 
The problem is he has pulmonary out flow of 


struction and if you increase force of contraction 
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in such a patient, the patient may get worse. So 
that clinically for him to have survived the entire 
time period of distribution of those kinds of lévels 
into tissue seems very, very unlikely. 

The second point is the simple physical 
handling of these kinds of things. To open 120 vials 
of pediatric digoxin takes tremendous effort and 
tremendous time, and physically seems rather unlikely 
P2anpules 6f%adule: digoxin is 24 ml, 24 milidiitres 
of digoxin. Aga¥n,°it takes a° great deal ef time. to 
open 12 ampules. They have to be snapped open. Then 
you have to draw up each sample. It is a very time 
dependent process. 

Then once you have a syringe, if you 
can find a syringe large enough -- as far as I am 
aware, most of the syringes available were 20 milli- 
litre syringes on the ward is the largest size, so 
you would have to find a syringe some place that were 
‘larger and be able to carry such a vehicle around, 
you then have 24 millilitres in a very large syringe, 
which you then have to administer in some way. If 
you began trying to push this volume, which would be 
reasonably rapidly injected through the small kinds of 
needles used in pediatrics, the IV would never stand 


up against the pressure. It would take you a very 
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long time, indeed, to push in that, and if you could 
pushi that volume in fast enough, the child, in all 
likelihood, would end up arresting from fluid over- 
load prior to the time that you got the digoxin into 
the patient. 

There are some other reasons as well, 
but I think that gives you the flavour of why it 
seems unreasonble to think in terms of those large 
numbers of vials. 

However, there is a middle ground, 
‘obviously, between these vast large concentrations 
and the very tiny minimum concentration, and that is 
what I was trying to get at, Mr. Commissioner, with 
the issue of the aon rat volume of distribution, 
after it comes out of plasma and now into a central 
volume from which it then ends up distributing. 

The kinds of concentrations or amounts 
required to produce those sorts of vembenmee assuming 
78 being correct, would be in the neighbourhood of 
380 micrograms. This is less than one adult vial 
of digoxin. Now again, an adult vial of digoxin 
given to an infant the size of Justin Cook is a 
very large excess of digoxin. We cannot minimize 
that if that amount of digoxin were given to the 
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somewhere in the neighbourhood of 80 micrograms per 
kilogram. This is more than twice a loading dose 
that might be used, and a loading dose is normally 
given in breakdown doses over a 24 hour period. So 
that this is still a large amount of digoxin. 

If the child received. this, one might 
well expect that if.circulation continued for a 
period of time either during the arrest and 
resuscitation or immediately before, that tissue 
concentrations might well reach the kind of tissue 
concentrations that we are talking about. Again, 
with the tremendous inter-individual variability and 
everything else, one cannot say for sure, trying to 
back calculate from 1100 in the heart to the amount 
given, we do not really know whether that is 
specifically boundage or non-specifically bound drug 
because of the acute nature of the phenomenon that 
we are looking at. We are looking at probably 
reasonably short periods of time. But we can be 
reasonably confident, assuming that those numbers 
are correct, the child received a large dose of 
digoxin at some point prior to or during his arrest. 

THE COMMISSIONER: Sorry, I am having 
trouble again. I would have thought that if he 


were to receive the dose immediately prior to his 


: i 
; 1 a? 
f » 
ees 
{ 
« i da 
7 —e . 
a a . 
¥ 
¥ 
° 
di a 
’ ® 2 
- ‘ 
, 


i * 
sha Me: 4 
U i a on 
we Lo ’ 
‘ y = - 
" 4 
“7 " 
val > 
* @ A 
v 
fo 4 . 
5 ati 


PY aes 


Silwastos 


¥ 
ae Sk ais oc+ 


mi) e a 


f 3603 Jogtro 
| 


EE1O 


24 


25 


ANGUS, STONEHOUSE & CO. LTD. Spielberg, dr.ex. eo 
TORONTO, ONTARIO (Lamek ) 


arrest, presumably at’ that point the’ circulation 
would cease or pretty well cease? 
THE WITNESS: He reachieved some 
circulation during that period of time, which is 
the thing that we cannot really deal with. For a 
brief period of time after he was defibrillated, he 
apparently did go into some dysrhythm and circulation 
will continue, albeit not maximal or not very well. 
The problem is we only have tissue 
levels in lung and heart and that as was suggested if 
the dose were perhaps given intra-cardiac, that 
dose would distribute to the lung and the heart 
preferentially and in the absence of a lot of 
information in other organs, it makes it very 
difficult to say much more than that. The blood 
injected would have gone first to lung, back to the 
heart, into the left ventricle, distributing to 
the coronary arteries, which would then have taken 
it into the heart. So that one might have gotten 
a Situation with a few pumps on the chest during 
the resuscitation plus a brief period of re-establish- 
ment of circulation, enough distribution to have 
achieved that, particularly since we are not talking 
about trivial amounts of digoxin. We are talking 


about a reasonably large amount of digoxin, in fact. 
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Now, the question, then, comes down 
to how that digoxin got there. We have no corroborat- 
ing evidence that helps us one way or the other to 
answer the question. 

The two possibilities are somebody 
intentionally gave this baby an overdose of digoxin. 
That has to be accepted as a possibility. The other 
possibility, as we suggested before, is that this 
baby received an inadvertent dose of digoxin. 


How can we begin trying to approach 


separating these things? If we were talking about 


12) vials if vehi swandeal 20 .viale of sbhat,, tbhere..1S, no 
question but that this would have had to be 
intentional. We could have ruled out the issue 
altogether, and that is why we had to go through the 
pharmacological exercise. There is no way that some- 
body is going to stand and open 12 vials of digoxin 
and give it accidentally. 

If this is a single vial of digoxin, 
then we are left just in a pharmacological sense 
at a breakpoint between trying to decide likelihood 
of intent or unintentional administration. How can 
we work out this further? 

Now, Justin Cook's death occurred 


after a series of events had occurred within the 
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Hospital. 

Again, since I was not here at the 
time, I do not have all of the details and I have 
not really had the opportunity to review all of the 
testimony. 

My understanding is that rebcous tne 
that there might have been a problem with digoxin on 
the ward, an attempt was made to collect the digoxin 
which was then available on the ward and to basically 
keep it aS a restricted drug under lock and key, 
so that an attempt was made to remove digoxin's 
availability. On the one hand, this would suggest 
that if no digoxin indeed were available on the 
ward through traditional mechanisms, then one would 
have to argue that some way the baby was given the 


digoxin through non-traditional mechanisms. 
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1 
epee ee 2 Now, the probability of no digoxin 
DMra 2 being on the ward, which, I mean to say, no digoxin, 
i‘ has to at least be questioned somewhat, again, 
from experience of the similarity of vials and the 
situation on the ward at the time. 
: I think the possibility at least 
7 exists and has to be considered that, in the frenzy, 
8 number one, of trying to remove all the digoxin, some 
9 may have been missed. 
10 Is this impossible? Not in the 
1 least, in my mind, given what happens when these 
. events are occurring in a complex and, at that time, 
rather sad ward. Looking for all the digoxin and 
ie trying to make sure there is none there, a vial 
iz conceivably could have been missed. 
15 If a vial were missed under those 
16 circumstances, the probability of a medication error 
7 goes up dramatically in this child because the 
18 expectation is that there is not going to be any 
rt digoxin around. Therefore, when one looks down at 
labels which are written in extremely small sizes 
2 and which, frankly, I - and I know of no other 
ss physician who has not misread some labels, particularly 
f at the time of an arrest. If some digoxin were 
23 around, the probability of an error is increased becaus 
24 
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no one expected it to be thene. 

THE COMMISSIONER: Well, I'm not 
absolutely sure about that, doctor. Certainly, those 
who went around collecting didn't expect it to be 
there. I am not sure this was known to everyone at 
the time. 

THE WITNESS: I honestly don't know. 
I honestly don't know. I don't know, for example, 
if the nursing shift that was going on knew that the 
digoxin had been locked up. I assume they would have 
had to because they would have had to get it out from 
under lock and key. 

THE COMMISSIONER: Le thes only 
medical error was digoxin, we would naturally be 
concerned and make sure weare not doing digoxin but, 
presumably, the medical error is possible at any 
time. 

THE WITNESS: That is correct. 

THE COMMISSIONER: So it wouldn't, 
the fact there was no digoxin around, wouldn't in any 
way reduce their vigilence to make sure they are not 
making an error, would it? They wouldn't want to 
make an error and give cocaine or something instead, 


or cyanide. 


THE WITNESS: The issues are really 
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basically the medications that come in similar kinds 
of vials and tend to be on specific wards at specific 
times. 

THE COMMISSIONER: We have had that 
and, no doubt, we will have some more of it. At 
any rate, you say that it could have been there? 

THE WIPNESS ri citcersg! again, ofrom. 
things that we have experienced, again, mostly in 
other institutions. 

MR. LAMEK: Q. Dr. Spielberg -- 

THE WITNESS: Itsisha probability 
but how much of a probability it is as opposed to an 
intentional administration, I can't say and, 
obviously, it is going to have to be up to the 


Commission to Say. 


Q. Forgive me. 
A. Yes. 
O¢ Could I let you know what 


the evidence has been here in that regard. 

I do not want to take you beyond 
the area of your expertise as a clinical pharma- 
cologist as to the likelihood of accidental 
administration happening given certain circumstances. 

The evidence here has been that, 


on the evening of March 21st, Drs. Costigan and 
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Mountsteven took an inventory of the parentaral 
digoxin preparations and, in particular, checked 
crashcarts. On the following day, Miss Rappaport 
also did an inventory and, indeed, she found some 
digoxin where the two doctors the previous evening 
had not found it. 

The clear evidence of Dr. Costigan 
here was that they found no digoxin on the crash carts 
on 4A/B and the inventory that they prepared on the 
Saturday evening exactly coincides with that made 
by Miss Rappaport the following morning with respect 
to the parentaral preparations on the ward. SOY 
if there was some digoxin missed somewhere, either 
it was used up in the way you are perhaps suggesting 
it may have been in the course of the night or Miss 
Rappaport missed it too the following morning. To 
the extent that counts were taken, that is the 
evidence that has been here so far. 

A. The other thing, of course, 
and, again, not really knowing about the drug 
administration system in depth, is that, during that 
time, I believe there has also been evidence that 
other medicines were borrowed from other wards as 
things ran out- for instance, propanolol and other 


medicines. Again, that is a potentially error prone 
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type of situation. 

I think we have to recognize that 
Justin Cook received somewhere in the neighbourhood 
of 25 intravenous medications from the time - and that 
is -antestimate;eit may*be a’ little *bit \highervor 
lower, but that is what I have down from my previous 
notes: sFromotheitimevoftnhis dnditiabeblue-spell tat 
1800 hours on the 21st through the end of his 
arrest, this baby had a heroic attempt made at trying 
to resuscitate him - every effort possible was made. 
Many, ane many different medications were administere 
and I think one has to at least accept the possibility 
that,of all those things, something was missed along 
the way. 

The other thing that is of interest 
in his chart with respect to what appears in charts 
and what appears afterwards is something that I don't 
have a good explanation for, really, and is not 
anything that one, I think, would view as malevoilant. 
There is another drug found in the baby that was not 
in the chart, and that drug is lidocaine. Now, there 
is a reason that one might want to give lidocaine 
to this baby. Lidocaine is used to decrease the 
irritability of the heart and to decrease certain 


types of arrhythmias of the heart. It is interesting 
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that despite an extremely detailed arrest sheet on 
this infant, the lidocaine simply is not charted. 
I don't mean to imply that somebody was trying to 
overdose the child with lidocaine; in fact, the 
concentrations were therapeutic, but only to point 
out that medication administration during an arrest 
even if somebody is keeping a good record - and this 
is an exemplary resuscitation record - even under 
those circumstances, medications administered to 
a child are sometimes missed and not recorded. 
Again, resuscitation, the events 
surrounding them, unless you have been at them, 
particularly at night when your backup staff is 
very limited, are phenomenally complicated events, 
tremendous pressure, and I can only imagine what the 
pressure was like when the doctors and nurses were 
trying to resuscitate this infant in light of 
everything that had occurred in the previous few days. 
Q. Dr. Spielberg, could you 
turn with me to page 30 of the Cook chart, please. 
yey Yes 
as The number in the top right- 
hand corner, and the page I have in mind also has | 
beneath the 30, a 15. 


Bt. Yes. 
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G2 But it records the drugs 
administered in the course of the resuscitation 
Grrorts, 

oe Mest 

Os Notwithstanding that the 
time 4:20 appears to be that at which the arrest was 
called, certain drugs were administered prior to that 
because the baby started getting in trouble about 
3:55, Vow wall tecat. 

Avs Right. 

oF Now, I see three drugs on 
that page which appear to have been administered 
directly into the heart. Half-way down the page there 


is a notation; I take it, OF “adrenaline 


A. Intercardiac adrenalin. 

Q. Beak 

A. Intercardiac calcium. 

CO. 4:50, intercardiac adrenalin, 
Kole ® 

A. Right. 

QO. And at 4:53, intercardiac 
calcium. 

A. Correct. 

Q. Secs 

A. That's correct; “yes. 
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Q. Now, I confess I get rather 


confused and puzzled here because some of these 
doses are expressed in cubic centimetres and others 
in milligrams and so on. 

We are talking of a dose of what 
Size? Let's take your middle ground. 

regs Okay. Again, recognizing 
that it iS a guessestimate -- 

OQ. Yess 

A. a= 300 to 400 micrograne,. 

ae You are more adept at this 
than I. Could you@iransiaterthat inte ertiher 
millgrams or cubic centimetres for me. 

Pe. Okay. In terms -- this 
is assuming pure adult strength digoxin, okay. If 
this was adult strength digoxin, we would be talking 
in the neighbourhood of 1.5 cc. of adult strength 
digoxin, that neighbourhood. For pediatric strength, 
you would have to multiply it by 10. 

0. In terms of vials of less 


than diy 2y5, coy! heuthe size: of the wials? 
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1 
FF9 2 conceivably explain both the intracardiac levels, 
3 the lung levels and the serum levels which we see in 
4 the baby. 
5 QO. Chay #) Euih a2 eee vial 
would not, I take it, have been confused with either 
: the administration at ‘4:50 or’ 4¥53 each ‘or which 
q Were \ coy 
8 As Well, again -- 
9 || Or You would need to make 
10 the mistake twice, I guess. 
1 A. The problem is the adrenalin. 
Or. Yes. 
a2 
A. And some of the other 
" medicines which were then used on the crash carts. 
ba Adrenalin is prepared at that time. It was not in 
15 prepackaged syringes, as it is today. It came as a 
16 vial which you had to crack open, draw up into a 
17 syringe and then you had to enter a second vial of 
18 normal saline to dilute the epinephrine. In other 
19 words, the epinephrine on the carts was concentrated 
epinephrine, and you don't give it in that form; 
- you have to make a preparation of it. This takes 
i time and, often, I remember as a house officer facing 
22 these kinds of situations, it can be very confusing 
23 and, particularly, in an urgent situation. You have 
24 
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to draw up the vial and then you have to draw up the 
saline in addition. 

Os When I see a reference to 
adrenalin; 8ceireise that. 3ce. cf the diluted? 

NS That would have been the 
diluted form. In €act, it almost would have to be 
the diluted form. 

O.. And what is the amount of 
adrenalin, that 3cc. administered dose? 


Pits It would be about, oh, 


‘the equivalent - again, it is a guess, depending on 


how much they diluted it. It would probably be 
between, in the neighbourhood of .5 cc., a third, 
probably about .3cc. of epinephrine to perhaps as 
much as .6cc. of concentrated epinephrine, depending 
on how they actually diluted it. 

The typical solution would be a 
1 to 10, which would mean 1 cc. of adrenalin drawn 
Lp. ‘keh! rears But some people dilute it differently, 
and I honestly don't know what was going on at that 
time. In which case, if they gave 3 cc. of the 
Giluted form, that would be the equivalent of .3 cc. 
of concentrated epinephrine. If they diluted it 
less, it would be proportionately more, of course. 


oF Do I. take it, therefore, 


[siv ogt qu’ Wexhie? 
mo fbb ai ari fae 
: ive as 

ta ri Robes ana $6 avpe Sent Br . 55k (nli¢asrs 
ysit nite ews Bi uow' JeaT 4&8 


sek oF ast Diyjow taonls +1 don? of Nxt Bedws oh 


| i. 2 é > 
MIOt SEBEL on9 
,- r { ; ; 
to snems. ay, ot Far dn 9 


{S260D \bevoteinimbs sNSE Ja .wmilsanashe 
: Ho "Jods sd bliow n OE 


AG pasbasqe® {ee SUNVS Bi +t gitispi = ITiabetitps Oz 


7 a Vidsdoya Divow 4) Sb batuleb vbds dein rot 
403 Ht) Bo o068!) Ra beasfauediipiei ony 9 oitlbew Yor 
| 2h ae yc OF Stiwiqsnicne ta ODE, twods en 

paLtonsdeah MRE TAemiga pf: BISKSONOS 80 300, ai Hoya 
x | e268 Badtus Li) Yileu tog yong. WO oth) 
we 8 sit. ‘Sivcaw AGIA for mpolaye aoe yy } 

he: 


nWSIb THD Rass hn PO. 4 neem teow isidw ,0L 193.4 
ibsoa,, Oo FL Sau Leh SI q29qg> amom syy¢ aa 01> a; ow 


teil.t te 10. prop 26W7 senw woast 3 “nab ¥ise 


Sit) to 4b € PVED Yald 2 . sens oisiw 


(7985 30. saeeu ids: axis ‘oe Slvow saay- 0 feseL, 
ot aoore fay nsesric At . tri tgpates beveatnganas Be 
i ‘Seaton Fb 20M, vied atad tequag: od Rca at aot 


_ ‘5 


| 


1 bil af sina i $04.3 all & eo ay 


PFA 


2168 


ANGUS, STONEHOUSE & CO. LTD. Spielberg 
TORONTO, ONTARIO 
dr.ex. (Lamek) 


that had they drawh up, insted@er..3 cc. or 
epinephrine, .3 cc. of digoxin, they would not have 
had the volume of digoxin necessary to produce the 
levels, according to your data? 

A. Hard to know. 

Q. Your data suggested a 
higher volume than that. 

Ar. Yes. Now, the problem is 
that the vials, in one case, contain 2. lediiands, 
in another case, contain 1 cc. The epinéphrine being 
1 cc. andsithe-digokin: adult strength being 2° cc. 

In an urgent situation, you can't 
tell the difference between 1 cc. and 2 cc. 

ch. Are there not calibrations 
On thie —= 

A. What you would be doing is 
you would draw up a whole vial. The physician asking 
the nurse to do it’ says, "Give me an amp. of 
epinephrine.", he doesn't say, "Give me 1 cc. of 
epinephrine". The nurse cracks open the amp., draws 
up the whole amp., draws it up in normal saline to 
whatever mark she is instructed to, and it is given. 

QO. What type of syringe were 
you using? 


A. 10 cc. syringe, okay. 
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dr.ex. (Lamek) 


Q. All right. 

A. So the difference between 
drawing ap chice hand! cc. and then adding © or 9 ce, 
of saline, it is unlikely that. you would notice <t, 
particularly during an arrest. 

That is why we now have preloaded 
epinephrine - too many mistakes used to be made with 
it, and that is why we now have 10 cc. syringes 
containing a 1 to 10,000 dilution of epinephrine. 

a Okay. Let's assume for a 
moment - and we are getting very close to the end of 
the day and, actually, we are playing overtime at the 
moment; we are on injury time. Let's assume for the 
moment the possibility of administration by intra- 
cardiac injection in the course of this arrest, in 
the course of this resuscitation. The first intra- 


cardiac injection was at 4:32. 


A. Yes. 

2g And the arrest was stopped 
Ai 6350 5 

A. Oh, I'm sorry, ves, correct, 
Ce 35. aboures= 

Os 25 minutes. 

ns 24 minutes, yes. 

0. Would that period of time, 
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in those circumstances, account, in your judgment, 
for the concentrations of digoxin found in the fresh 
tissue of this child? 

Me I cannot give you a hard 
answer on it, okay, because, again, of the variabili- 
ties. If it was put directly into the heart and there 
was adequate circulation to get it from the heart to 


the lung back to the coronary circulation, yes, pos- 


sibly. 

Can I put a qualifier on if? 

a And, indeed, into the serum 
itself? 

a. Yes, Well, we are saying 


that a lot of it is sitting exactly there; it enters 


the serum instantaneously upon injection. 
Q. Wait a minute. I thought 
we were injecting it into the heart. Are we 


injecting it into the blood inside the heart, into 


the heart tissue? 
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A. When people talk about intra- 


cardiac medications it is into the cardiac blood. 


Q. AL vragiie. 
A. Not into the heart muscle. 
Or, Well, piercing the muscle and 


going right through --- 

A. Going through the myocardium 
often drawing back slightly until one enters the 
chamber of the heart, seeing blood flow back and 
then administer the drug. 

OF All right. So, we do then have 
to get from blood not only into the heart in the 
concentrations noted but also into lung, as you have 
said? 

As Mes. 

Oe And you say you cannot tell me 
with any confidence whether in the space of 24 minutes 
in this circumstance that would have happened? 

ca I think it is pharmacologically 
very reasonable. I cannot give you any hard data to 
back it one way or the other. 

O= ¥ou are, Li not: familiar with, 
I take it you know of Dr. Ralph Kauffman? 

Bi Yes... 


Oe Who, I gather-is5. a: clinical 
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1 
2 pharmacologist of some distinction? 
3 A. Yes. 
4 0. And you are aware of his 
5 involvement in assisting the Metropolitan Toronto 
6 Police in this matter? 
A. res. 
7 
0. And subsequently the Centres 
: for Disease Control? 
9 A. MOS. 
10 0. Dr. Kauffman on the scoring 
11 system that he was using scored this death, that of 
12 Justin Cook, a 5, that Ts"to say consistent witn 
1B special conern with respect to digoxin toxicity? 
A. Yes; 
14 
0. And I take it, Doctor, that you 
15 would agree with that assessment? 
16 A. I think it is impossible not to 
17 by those criteria because there is evidence of an 
18 excessive amount of digoxin in this baby and there 
19 is no other reasonable explanation that we have 
20 except for administration. Therefore, we have to 
be concerned about it. We have to be terribly 
= concerned about it. The problem from my standpoint 
= pharmacologically is that I cannot rationally 
= separate out the mechanism by which the digoxin 
24 
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arrived there. I know a great deal about medication 
errors. These are frequent events. I know very 


little about murder. I cannot on the pharmacologic 


evidence separate them except to say that errors 
occur frequently, Murder occurs Tarely. It is very 
reasonable to mean that this could have been an error 
despite the locking up of the digoxin and everything 
else. I think it is a very reasonable hypothesis in 
this pareieular cna! a. 

MR. LAMEK: Okay. We may leave it 
there for today, Mr. Commissioner. 

THE, COMMISSIONER: “Yee, bi Licker. 
10 o'clock tomorrow morning. 

MR. LAMEK: Thank you. 


--- Whereupon the Hearing was adjourned at 4:35 p.m. 
Until Tuesday, October 25th, 1983 at 10:00 am. 
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